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FOREWORD 


Numerous experiments have been identified for Shuttle applications ranging 
from space exposure of various material samples to planetary soil return 
missions including a search for the "edge" of the universe. Payload systems 
to support the numerous experiment operations are being developed with 
emphasis on providing the greatest scientific return per dollar invested in 
equipment and transportation. Servicing, repairing, and refurbishing pay- 
loads are some of the more significant economic measures that can be 
applied either through ground based or orbital operations. 


Since manned extravehicular activity (EVA) is a qualified, prime candidate 
for economically conducting on-orbit payload support functions, this study 
was designed to assist in correlating experiment and payload requirements 
with EVA capabilities, systems and operational modes. The study was 
sponsored by the Bioengineering Division, Life Sciences Office of NASA 
Headquarters, Dr. Stanley Deutsch, Director. The work was monitored under 
the technical direction of Mr, John H, Covington, Crew Training and Procedures 
Division, Flight Operations Directorate of the Lyndon B. Johnson Space Center 
(JSC), Houston, Texas. The Contracting Officer was Mr. Thomas R. McPhillips, 
Program Procurement Division, JSC. 

Major objectives of the study were as follows: (l) to develop a comprehensive 

description of the Space Shuttle baseline EVA systems including candidate 
EVA-assisted operational modes; (2) identify and select candidate payload 
tasks across representative payloads for EVA application; and (3) develop 
payload EVA task completion plans including areliminary EVA operational 
procedures and timelines. The study was performed over a twelve-month 
period beginning June 1975. 
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The final report for the contract is presented in two volumes: 

Volume X: EVA Systems and Operational Modes Description 

' ■ ' VfttuBfe :iir , ^ ■ EW' Twit Coiupl etto n ? Uns 'i 

This document (Volume XI) identifies and selects candidate payload tasks 
for EVA application based on an analysis of four representative Shuttle 
payloads and develops typical EVA scenarios with supporting crew timelines 
and procedures. The volume also summarizes the EVA preparation and post 
EVA Operations and timelines emphasizing concurrent payload support 
functions. 


ii 







HDC wool 4 
2 JUNE 1976 


SPACE SHUTTLE EVA 


ACKNOWLEDGEMENTS 

The NASA Technical Monitor for the study was Hr, John H. Covington, Crew 
Training and Procedures Division, Flight Operations Directorate, Johnson 
Space Center, Houston, Texas. Contract monitoring and technical assistance 
were provided by Mr. David C. Schultz, Chief, Crew Systems Branch, and 
Mr. Raymond G. Zedekar, Chief, EVA Systems Section of the Crew Training and 
Procedures Division. Special appreciation is expressed to Dr. Stanley Deutsch, 
Director, Bioengineering Division, Office of Life Sciences, NASA Headquarters, 
for his efforts in arranging for the conduct of the study. 

Significant contributions in obtaining quantitative data and technical 
information were provided by personnel within the NASA Johnson Space Center. 
Sincere appreciation is due Mr. Jack C. Heberlig/LP, Mr. Ted H. Skopinski/LP, 
Mr, Stewart L. Davis/LO, Mr. Robert L. Frost/LP, Mrs, Jeri W. Brown/EW5, 

Mr. Jerry R. Goodman/EK3, Dri Karl G, Henize/TE, and Mr. Gary D, Meester/LP. 

The contractor Principal Investigator for the study was Hr. Nelson E. Brown, 
Study Manager, McDonnell Douglas Technical Services Company, Houston Astro- 
nautics Division, McDonnell Douglas Corporation. Principal contributors 
within McDonnell Douglas were Hr. John F. Schuessler and Mr. William L. Yeakey. 


1 i i 


iytCOONfi/)St.lL 





SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


TABLE OF CONTENTS 


PAGE 


FOREWORD . . i 

ACKNOWLEDGEMENTS ... ....... iiT 

LIST OF FIGURES ................. ..... x 

LIST OF TABLES . xiii 

ACRONYMS AND ABBREVIATIONS . . . xv 

SECTION 

1.0 INTRODUCTION . . 1.1-1 

1.1 Background 1.1-1 

1.2 Scope and Approach ......... .... 1.1-2 

2.0 EVA TASK SELECTION AND TASK COMPLETION PLANS ....... .2.1-1 

2.1 Introduction ............ .2.1-1 

2.1.1 EVA Operational Categories . 2.1-2 

2.1.2 EVA Task Classification 2.1-2 

2.1.3 EVA Task Selection 2.1-3 

2.1.4 Payload EVA Task Completion Plans ........ 2.1-3 

2.2 Advanced Technology Laboratory (ATL) . ... . . .... 2.2-1 

2.2.1 ATL Program Description .2.2-1 

2. 2.1.1 Introduction • • 2.2-1 

2.2. 1.2 ATL Experiment Description . 2.2-1 

2.2.1 .3 ATL Payload Configuration ....... 2.2-4 

^ _ Z.ZAA ATL EVA Requirements . . . ..... . . 2.2-10 

2.2.2 ATL Equipment Description— Pallet Mounted .... 2.2-10 


2.2. 2.1 Microwave Interferometer Navigation and 
Tracking Aid-XST-OOT . . . . . . . . . R.2-1Q 

2.2. 2. 2 Autonomous Navigation— XST-004 .... . 2.2-12 

2. 2. 2. 3 Imaging Radar— XST-008— and Search and 

Rescue Aids— XST-006 . . . ...... . 2.2-12 


IV 


MCDOIVNEI.IL DOUGLAS 


ay- 


/ 




SPACE SHUTTLE EVA 


MDC W0014 
2 JUNE 1976 


TABLE OF CONTENTS (Continued) 


SECTION PAGE 


2. 2. 2.4 Integrated Real-Time Contamination 

Monitor 2.2-16 

2.2.2. 5 Environmental Effects on Mon-Metallic 

Materials— XST-029 2,2-16 

2.2.3 ATL EVA Task Description 2.2-18 

2. 2. 3.1 Planned EVA ... 2.2-18 

2.2.3. 2 Unscheduled and Contingency EVA . . . 2.2-18 

2. 2. 3. 3 Potential Planned EVA 2.2-21 

2. 2. 3. 4 Task Definition 2.2-21 

2.2.4 ATL EVA Mission Scenario 2,2-22 

2.2.5 ATL EVA Task Completion Plans— Mission 

Scenario No. 1 2.2-25 

2.2.6 ATL EVA Task Completion Plans— Mission 

Scenario No. 2 E.2-39 

References 2.2-54 

2.3 Low Cost Modular Spacecraft 2.3-1 

2.3.1 Introduction ......... 2.3-1 

2.3.2 Objective . 2.3-1 

2.3.3 Operational Modes 2.3-2 

2.3.4 Program Elements 2.3-3 

2. 3. 4.1 Low Cost Modular Spacecraft . .... 2.3-8 

2. 3,4. 1.1 Subsystem Modules .... ... 2.3-8 

2. 3. 4. 1.1.1 Attitude Control 

Subsystem Module . . . , , 2.3-8 

2.3. 4.1. 1.2 Communications and Data 
Handling Subsystem 

Module . . . . . . . . . . 2.3-11 

2.3. 4.1. 1.3 Power Subsystem Module . . 2.3-11 


V 







SECTION 


SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


TABLE OF CONTENTS (Continued) 


PAGE 


2.3. 4.1. 2 Module Suppoi'^t Structure 


(MSS) ... . . . . . , , . 2.3-11 

2. 3. 4. 1.3 Propul si on/ Actuation 

Module (PAM) ....... 2.3-13 


2.3.4. 1 .4 Mission Unique Features . . 2.3-18 

2.3, 4. 2 Flight Support System . . .... . . 2.3-18 

2. 3. 4. 2.1 Payload Retention and 
Positioning System ... . 2.3-21 

2.3.4. 2.2 Special Purpose Manipulator 


System . 2.3-23 

2.3, 4. 3 Orbiter Support Systems 2.3-28 

2. 3. 4. 3.1 Cargo Bay Interfaces . . . 2.3-28 

2. 3.4.3. 2 Pressurized Compartment 
Interfaces ........ 2,3-31 


2. 3. 4. 3. 3 Ancillary Orbiter Support . 2.3-31 
2.3.5 LCMS EVA Task Description ... . .... . . . 2.3-34 

2.3.5. 1 Planned EVA . . . . . ....... .2.3-34 

2. 3.5. 2 Unscheduled and Contingency EVA . . . 2.3-34 


2.3. 5.3 Potential Planned EVA . . . ... . , 2.3-34 

2. 3. 5. 4 Task Definition . ... . . . . . 2.3-37 


2.3.6 LCMS EVA Mission Scenario, Timelines and 

Procedures 2.3-38 

2. 3. 6.1 LCMS EVA Mission Scenario No. 1- 

Deploy Payload . . . . . . . . . , . .2.3-38 

2.3. 6. 2 LCMS EVA Task Completion Plans - 

Mission Scenario No.. 1 . . . . . . . . 2.3-43 


2.3.6.3 LCMS EVA Mission Scenario No. 2 - 

Recover Damaged LCMS . . . . . . ... 2.3-54 

2. 3.6. 4 LCMS EVA Task Completion Plans ^ ^ 

Mission Scenario No, 2 .... . . . . 2.3-59 

2.3.6. 5 LCMS EVA Mission Scenario No. 3- 

Refurbish LCMS , . 2.3-70 


VI 


dougz^as 


C^' 


/ 


CC3^RO|7AT/0/V 


SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


TABLE OF CONTENTS (Continued) 


SECTION EMi 

2.3, 6. 6 LCMS EVA Task Completion Plans - 

Mission Scenario No:. 3 . , . . . . . 2.3-76 

2.4 Large Space Telescope (LST) . 2.4-1 

2.4.1 LST Program Description 2.4-1 

2. 4. 1.1 Introduction 2.4-1 

2. 4. 1.2 LST Mission Description ...... 2.4-2 

2.4.1 .3 LST Configuration ..... . ... . 2.4-7 

2.4.1 .4 LST EVA Requirements . . 2.4-13 

2.4.2 LST Payload Description 2.4-16 

2. 4. 2.1 Support Systems Module (SSM) .... 2.4-16 

2. 4. 2. 1.1 SSM Structures and 

Mechanical Subsysten . . 2.4-17 

2. 4. 2.1. 2 SSM Thermal Control 

Subsystem ........ 2.4-33 

2. 4. 2. 1.3 SSM Electrical Power 

Subsystem . . . . . . . . 2.4-37 

2. 4. 2. 1.4 SSM Pointing Control 

Subsystem ........ 2.4-37 

2. 4. 2. 1.5 SSM Instrumentation and 

Communications Sub- 
system . . . . . . . . . 2.4-38 

2. 4. 2.1. 6 SSM Data Management 

Subsystem 2.4-40 

2. 4. 2. 1.7 SSM Crew Systems ... . 2.4-40 

2. 4. 2. 2 Optical Telescope Assembly/Scientific 

Instruments (OTA/SI) . . 2.4-41 

2.4.3 LST EVA Task Description . . ........ 2.4-43 

2.4. 3.1 1ST Planned and Unscheduled EVA . . 2.4-43 

2.4. 3. 2 LST Contingency EVA . .... ... 2.4-44 

2.4,3 3 LST Potential Planned EV.A ..... 2.4-48 

2. 4. 3. 4 LST EVA Task Definition ...... 2.4-48 


vil 


rttoo ort/iVjE-jlii 



c o o V 


MDC W0014 

SPACE SHUTTLE EVA 2 JUNE 1976 


TABLE OF CONTENTS (Continued) 


SECTION PAGE 


2.4.4 LST EVA Mission Scenarios, Tiinelines and 

procedures ................. 2,4-49 

2. 4. 4.1 LST EVA Mission Scenario No. 1 — 

LST Scheduled Maintenance , ... . 2.4-49 

2.4.4.2 LST EVA Task Completion PI ans — 

Mission Scenario No, 1 ...... . 2.4-50 

2. 4. 4. 3 LST EVA Mission Scenario No. 2 -- 

Retract Failed Solar Array Panel . . 2.4-83 

2. 4. 4. 4 LST EVA Task Completion Plans — 

Mission Scenario No; 2 . . . . . . . 2,4-84 

References ..... , . . .... . ..... . . . 2.4-96 

Bibliography • • • 2.4-97 

2.5 Shuttle Infrared Telescope Facility (SIRTF) .... 2.5-1 

2.5.1 SIRTF Program Description .... . . . . . , 2.5-1 

2. 5. 1.1 Introduction .. . .... . . ; . . 2.5-1 

2. 5. 1.2 SIRTF Payload Configuration . . . , 2.5-1 

2.5.1. 3 SIRTF EVA Requirements ....... 2.5-3 

2.5.2 SIRTF Payload Description . ... .... . . 2.5-5 


2.5. 2.1 SIRTF Telescope Assembly . . . . . . 2.5-5 

2. 5.2.2 Telescope Gimbal /Mounting System . . 2.5-5 

2. 5. 2.3 Control Moment Gyroscopes ..... 2.5-10 

2.5. 2. 4 Cryogenic and Water Stowage Tanks . 2.5-11 

2.^ Telescope Protective Cover i . ... 2.5-11 

2. 5. 2. 6 Electronic/Support Equipment . . . ^ 2.5-11 

^ 2.5.3 SIRTF EVA Task Selection . . ... . . . . . ^ 2.5-13 


2. 5. 3.1 Planned EVA . . . . . ..... . , 2.5-13 

2. 5. 3. 2 Unscheduled, Contingency and 

Potential EVA ... , . . . ... ., 2.5-13 

2.5.4 SIRTF EVA Mission Scenarios 2.5-16 


V. 




X * • ♦ 

vni 


nvccsontivEJLii. 





V 


MDC WOOU 
2 JUNE 1976 


SPACE SHUTTLE EVA 


TABLE OF CONTENTS (Continued) 


SECTION PAGE 

2.5.5 SIRTF EVA Task Completion Plans—Mission 

Scenario No. 1 2.5-17 

2.5.6 SIRTF EVA Task Completion Plans—Mission 

Scenario No. 2 . ... . .. . . . . . .... 2.5-23 

Bibliography ........ 2.5-38 

3.0 PAYLOAD EVA TASK SUPPORT REQUIREMENTS .... 3.1-1 

3.1 Introduction . . .... . . , i . . ^ . • • • 3.1-1 

3.2 EVA Baseline Support System Capability . ..... . 3.1-1 

3.3 EVA Task Support Requirements , . . ... . . . . • 3.1-3 

4.0 EV PREPARATION AND POST ACTIVITIES ...... 4.1-1 

4.1 Introduction . . . ......... . . . . .... 4.1-1 

4.2 EVA Prebreathe ... , , . . ..... . ....... 4.1 -t 

4.3 EVA Preparation Operations .......... . . . 4.1-2 

4.4 Post-EVA Operations ........... 4.1-7 

4.5 EVA Rapid Response Capability . . . . ... , . . . 4.1-8 

4.5.1 Rapid Response to Planned EVA Payload 

Operations . . ..... 4.1-9 

4.5.2 Rapid Response to Subsequent EVA . . . . . , 4.1-10 

4.6 Airlock Equipment Transfer Capacity ...... . . 4.1-11 


ix 


/VrOJOfOA//VJE'iLJL 



c o r/ow 


I 


SPACE SHUTTLE EVA 


MDC WOO 14 
2 JUNE 1976 


LIST OF FIGURES 


FIGURE PAGE 


1.2- 1 Study Approach and Task. Interrelationship ........ 1,1-3 

2.2- 1 ATL Payload Baseline Configuration (Shuttle Mission No, 

1 1 ——Concept^ . . . * . . . . . • ... . .. . ■ . ... . 2. 2—5 . 

2.2- 2 ATL Pressurized Laboratory Configuration (Concept) ... 2.2-6 

2.2- 3 ATL Mission 11 Pallet Experiment Arrangement (Concept) . 2.2-8 

2.2- 4 ATL Integrated payload System (IPS)— Concept . . .... 2,2-9 

2.2- 5 Microwave Interferometer Navigation and Tracking Aid 

Pallet Equipment 2.2-11 

2.2- 6 ATL Autonomous Navigation Experiment— Pallet Equipment . 2.2-13 

2.2- 7 Imaging Radar Experiment— pallet Equipment . .... . . 2.2-14 

2. '2-8 Search and Rescue Aids Experiment— Pallet Equipment . , . 2.2-15 

2.2- 9 Side Looking Radar (SLR) Block Diagram (Simplified) . . . 2.2-15 

2.2- 10 Environmental Effects on Non-Metal! ic Materials . . . . . 2.2-17 

2.2- 11 EVA Mobility Aids Provided by Space! ab (Concept) . . . . 2.2-37 

2.2- 12 AdditionaT EVA Handrail Required by ATL (Concept) , ... 2.2-37 

2.2- 13 Conceptual Layout of Interferometer Hardware— EVA 

Interfaces . . , . ... . . . . . ... ... . . . . . 2.2-38 

2.2- 14 ATL Interferometer Experiment Manual Deployment 

Hardware Concepts/Interfaces . 2.2-51 

2.2- 15 ATL Imaging Radar Experiment Manual Deployment 

Hardware Concepts/Interfaces ^ , ... 2,2-52 

2.3- 1 Representative LCMS Configuration ....... 2.3-2 

2.3- 2 Orbital Delivery (Mode 1) . . . . . . .... . . .... 2.3-4 

2.3- 3 Orbital Servicing (Mode 2) . . ..... . .. ; . . . . . 2i.3-5 

2.3- 4 Spacecraft Retrieval (Mode 3) . . . . . ... . . . . , , 2.3-6 

2.3- 5 Program Elements . . . . ..... . . . .... . . . . . 2.3-7 

2.3- 6 Low Cost Modular Spacecraft (Exploded View) ....... 2.3-9 

2.3- 7 Subsystem Module ...... . . , . ...... ... .2.3-10 

2.3- 8 Module Support Structure . . , . . . .... . ..... 2.3-12 


O'' 


/ 


IVtiC^rsONNlESLIL DOUGl.AS'' 

V- 


SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


LIST OF FIGURES (Continued) 


FIGURE 


PAGE 


2.3- 9 Propul si on/Actuation Module — Configuration I with 

Propulsion System I .................. . 2.3-14 

2.3- 10 Propulsion/Actuation Module — Configuration II with 

Propulsion System I and Augmented Reaction Control 

System 2.3-15 

2.3- 11 Propulsion/Actuation Module ~ Configuration III v/ith 

Propulsion System II .................. 2.3-16 

2.3- 12 Propulsion/ Actuation Module — Configuration IV with 

Propulsion System II and Augmented Reaction CorrtrbT 

System . . . . . . . ... . . . . . 2.3-17 

2.3- 13 Location of PAM Configuration I for Delta Launch .... 2.3-19 

2.3- 14 Flight Support System 2.3-20 

2.3- 15 Payload Retention Cradle Concepts .... ... . . . . . 2.3-22 

2.3- 16 Positioning Platform Concept .... ... ..... , , 2.3-24 

2.3- 17 Special Purpose Manipulator System Configuration .... 2.3-26 

2.3- 18 Module Exchange Mechanism ..... 2.3-27 

2.3- 19 Module Magazine .. . , . ... . . .... , . . ... . 2.3-29 

2.3- 20 Payload Station . . . . . . . ... ... . . . . . . . . 2.3-32 

2.3- 21 Retention Cradle Latch Mechanism Release ... . . . . . 2.3-50 

2.3- 22 LCMS Solar Array Retention Fitting Release ....... 2.3-51 

2.3- 23 Debris Removal at RMS End Effector Fitting .... . . . 2.3-52 

2.3- 24 LCMS Deployment . . .. . . . . . ... . . . . . . . . . . 2.3-53 . 

2.3- 25 Inspect Damaged LCMS and Positioning Platform . . ... . 2.3-66 

2.3- 26 Disentangle RMS from Solar Array Debris .... 2,3-67 

2.3- 27 Release and Jettison Damaged Solar Array ... ... . , 2.3-68 

2.3- 28 Remove and Jettison Positioning Platform . ... .... 2.3-69 

2.3- 29 Preparation for Refurbishment EVA Operations . . . . . . 2.3-83 

2.3- 30 LCMS Resupply Latch Mechanism Operation .... ... . , 2.3-84 

2.3- 31 Spare Subsystem Module Stowage Concept 2.3-85 

2.3- 32 LCMS/Positioning Platform Rotation for Subsystem 

Module Access . . . * ... . . . ... .... . . . . . 2.3-86 

^ 


SPACE SHUTTLE EVA 


MDC WOO 14 
2 JUNE 1976 


LIST OF FIGURES (Continued) 


FIGURE 


PAGE 


2.4-1 


2.4-2 


2.4- 3 

2.4- 4 

2.4- 5 

2.4- 6 

2.4- 7 

2.4- 8 

2.4- 9 

2.4- 10 

2.4- 11 

2.4- 12 

2.4- 13 

2.4- 14 

2.4- 15 

2.5- 1 

2.5- 2 

2.5- 3 

2.5- 4 

2.5- 5 

2.5- 6 

2.5- 7 

2.5- 8 


LST Mission and Operations Scenarios 2.4-3 

1ST Configuraiton— Preliminary (Boeing SSM and Itek 

OTA/SI Concepts) 2.4-8 

Basic LST Concept Functional Elements (SSM-OTA-SI) . . . 2.4-9 

LST SSM-OTA Attachment Orientation, SSM Equipment and 

SI Modules on Focal Plane Assembly 2.4-11 

LST/SSM Configuration, Equipment Location, and Physical 
Characteristics 2.4-18 

LST/SSM Equipment Location fay Subsystem - Sun Side . . . 2.4-23 

LST/SSM Equipment Location by Subsystem - Anti-Sun Side . 2.4-24 

LST/SSM Equipment Section Structure Characteristics . . . 2.4-26 

LST/SSM Aft Shell Structure Characteristics 2.4-27 

LST/SSM Functional Mechanisms Actuator Locations .... 2.4-29 

LST Retrieval /Docking/Deployment Concept . 2.4-30 

LST-Orfaiter Docking Concept for On-Orbit Maintenance . . 2.4-32 

LST/SSM Thermal Control Subsystem Equipment Location . . 2.4-34 

LST/SSM Equipment Chassis Replacement - Thermal Blanket 
Installation Concept 2.4-35 

SSM Crew Systems and Space Support Equipment Concepts 

for On-Orbit Maintenance 2.4-42 

SIRTF Configuration and Support Systems Location 

(Concept) 2.5-4 

SIRTF System Block Diagram ............... 2.5-6 

SIRTF Telescope Assembly— Sun Shield Retracted .... 2.5-7 

SIRTF Sun Shield Configuration 2.5-8 

SIRTF Telescope Gimbal System . . 2.5-9 

SIRTF Basic Gimbal System -- Angular Coverage . ..... 2.5-10 

SIRTF Payload Bay Equipment Arrangement . 2.5-12 

Contingency EVA SIRTF Telescope Retrieval . , , . . . . . 2.5-31 


xit 

c O OJV 



SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


V 

V'v- 


LIST OF TABLES 


TABLE 

2.1.1 Classification of Typical EVA Tasks 

2.2.1 ATL Experiments (Mission 11) 

2.2.2 ATL EVA Task Identification , 

2.2.3 ATL EVA Tasks — Mission Scenario No. 1 

2.2.4 ATL EVA Tasks— Mission Scenario No. 2 

2.2.5 ATL Task Completion Plans— Mission Scenario No, 1 ... . 

2.2.6 ATL Task Completion Plans— Mission Scenario No. 2 ... . 

2.3.1 SPM System Specification 

2.3.2 LCMS EVA Task Identification . . 

2.3.3 LCMS EVA Tasks— Mission Scenario No. 1 

2.3.4 LCMS EVA Task Completion Plans— Mission Scenario No. 1 . 

2.3.5 LCMS EVA Tasks— Mission Scenario No. 2 . 

2.3.6 LCMS EVA Task Completion Plans— Mission Scenario No. 2 , 

2.3.7 LCMS EVA Tasks— Mission Scenario No. 3 

2.3.8 LCMS EVA Task Completion Plans— Mission Scenario No. 3 . 

2.4.1 Science Instruments Under Study for LST 

2.4.2 LST/SSM Equipment Summary and Characteristics 

(Preliminary Boeing Concept and Estimates) 

2.4.3 LST EVA Task Identification 

2.4.4 1ST EVA Tasks — Mission Scenario No. 1 

2.4.5 LST EVA Task Completion Plans— Mission Scenario No. 1 . . 

2.4.6 LST EVA Tasks— Mission Scenario No. 2 

2.4.7 LST EVA Task Completion Plans— Mission Scenario No. 2 . . 

2.5.1 SIRTF Experiments . . 

2.5.2 SIRTF EVA Task Identification 

2.5.3 SIRTF EVA Tasks — Mission Scenario No. 1 

2.5.4 SIRTF EVA Tasks — Mission Scenario No. 2 . . 

2.5.5 SIRTF Task Completion Plans--Mission Scenario No. 1 . . , 

2.5.6 SIRTF Task Completion Plans— Mission Scenario No. 2 . . . 


PAGE 

2.1- 4 

2 . 2 - 2 

2.2- 19 
2; 2-23 

2.2- 26 

2.2- 30 

2.2- 41 

2.3- 30 

2.3- 35 

2.3- 39 

2.3- 44 

2.3- 55 

2.3- 60 

2.3- 71 

2.3- 77 

2.4- 12 

2.4- 19 

2.4- 45 

2.4- 51 

2.4- 66 

2.4- 85 

2.4- 89 

2.5- 2 

2.5- 14 

2.5- 18 

2.5- 20 

2.5- 24 

2.5- 32 


xiii 



SPACE SHUTTLE EVA 


MDC WOO 14 
2 JUNE 1976 


LIST OF TABLES ' (Continued) 


TABLE PAGE 


3.3.1 Payload EVA Task Support Requirements Summary 3.3-4 

3.3.2 Payload EVA Task Support Requirements— ATL Mission 

Scenario No. 1 3.3-6 

3.3.3 Payload EVA Task Support Requirements — ATL Mission 

Scenario No. 2 . 3.3-8 

3.3.4 payload EVA Task Support Re quirements— LCMS Mission 

Scenario No. 1 3.3-11 

3.3.5 Payload EVA Task Support Requirements— LCMS Mission 

Scenario No. 2 3.3-12 

3.3.6 Payload EVA Task Support Requirements— LCMS Mission 

Scenario No. 3 3.3-13 

3,'3.7 Payload EVA Task Support Requirements — LST Mission 

Scenario Nc. 1 3.3-14 

3.3.8 Payload EVA Task Support Requirements--LST Mission 

Scenario No. 2 3.3-16 

3.3.9 payload EVA Task Support Requirements--SIRTF Mission 

Scenario No. 1 3.3-17 

3.3.10 Payload EVA Task Support Requirements— SIRTF Mission 

Scenario No. 2 . 3*3-18 


4.3.1 Nominal EVA Preparation and Post-EVA Time Requirements . . 4.3-3 


xiv 


/wooo/v/wjs'ji.x. 


ay' 


/ 


COf7POr7J\TtafV 


SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


ACRONYMS AND ABBREVIATIONS 


ACS 
ARC 
ASMU 
ASTRO 
ATL 
BTU/hr 
CCA 
CCC 
CCTV 
C. G. 
Ctrl} cm 
CMG 
COg 
CRT 
CSD 
C&W 
, DCM 
DMS 
dia 
ECLSS 
ECS 
EEE 
EEH 
EMU 
EPS 
EOS 
EST 
EV 
EVA 
EVC 


Attitude Control System 
Ames Research Center 

Automatically Stabilized Maneuvering Unit 

Astrometry Instrument 

Advanced Technology Laboratory 

British Thermal Units per hour 

Communications Carrier Assembly 

Contamination Control Cartridge 

Closed Circuit Television 

Center of Gravity 

Centimeter 

Control Moment Gyro 

Carbon Dioxide 

Cathode Ray Tube 

Crew Systems Division 

Caution and Warning 

Displays and Controls Module 

Data Management Subsystem 

Diameter 

Environmental Control /Life Support System 

Environmental Control System 

Environmental Effects Experiment 

EMU Electrical Harness 

Extravehicular Mobility Unit 

Electrical Power System 

Earth Observatory Satellite 

Eastern Standard Time 

Extravehicular 

Extravehicular Activity 

Extravehicular Communication 
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EVCS 

EVVA 

FOS 

FSS 

ft 

gm 

gm-Cal 

GNp 

GO2 

GSFC 

HGA 

HHMU 

HRC 

HRS 

HSAP 

HUT 

I&CS 

IDB 

in 

IPS 

IPS 

IR 

IRP 

IRTCM 

IVA 

JSC 

kg 

2 

kg/cm 

KSC 

lb 


ACRONYMS AND ABBREVIATIONS (Continued) 

Extravehicular Copnunication System 

Extravehicular Visor Assembly 

Faint Object Spectrograph 

Flight Support Station 

Foot 

Gram 

Gram-Calorie 

Gaseous Nitrogen 

Gaseous Oxygen 

Goddard Space Flight Center 

High Gain Antenna 

Hand Held Maneuvering Unit 

High Resolution Camera 

High Resolution Spectrograph 

High Speed Area Photometer 

Hard Upper Torso 

Instrumentation and Communications Subsystem 

Insuit Drink Bag 

Inch 

Instrument Pointing System 
Integrated Payload System 
Infrared 

Infrared Photometer 

Integrated Real-Time Contamination Monitor 
Intravehicular Activity 
Johnson Space Center 
Kilogram 

Kilogram per square centimeter 

Kennedy Space Center 

Pound 
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ACRONYMS AND ABBREVIATIONS (Continued) 


Ibf 

LaRC 

LCG 

LCMS 

LGA 

LSS 

LSI 

m 

Max 

MDTSCO 

MEM 

MLI 

MM 

mm 

mmHg 

MIv|S 

MMa 

MOC 

MS 

MSEC 

MSS 

N 

N/A 

I'lASA 

N-m 

N-ml 

°2 

OMS 

OTA/SI 

OWS 


Pound force 

Langley Research Center 
Liquid Cooling Garment 
Low Cost Modular Spacecraft 
Low Gain Antenna 
Life Support System 
Large Space Telescope 
Meter 
Maximum 

McDonnell Douglas Technical Services Company, Inc, 

Modular Exchange Mechanism 

Multi-Layered Insulation 

Module Magazine 

Millimeter 

Millimeters Mercury 

Multimission Modular Spacecraft 

Manned Maneuvering Unit 

Mission Operations Center 

Mission Station 

Marshall Space Flight Center 

Module Support Structure 

Newtons 

Not Applicable 

National Aeronautics and Space Administration 

Newton-Meter 

Nautical Mile 

Oxygen 

Orbital Maneuvering System 

Optical Telescope Assembly/Scientific Instruments 
Orbital Workshop 
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PAM 

PAM 

PCS 

PIDA 

P/L 

PLSS 

POS 

PP 

PRPS 

PRS 

PS 

psia 

PSS 

RC 

RMS. 

S&MS 

SCU 

SHe 

SI 

SIRTF 

SLR 

SOP 

SOW 

SPMS 

SSA 

SSE 

SSM 

SSPD 

ST 

STDN 


ACRONYMS AND ABBREVIATIONS (Continued) 

Propulsion/ Actuation Module 
Pulse Amplitude Modulation 
Pointing Control System 
Payload Installation Deployment Aids 
Payload 

Portable Life Support System 
Portable Oxygen System 
Positioning Platform 

Payload Retention and Positioning System 
Personnel Rescue System 
Payload Station 

Pounds per square inch absolute 
Payload Specialist's Station 
Retention Cradle 
Remote Manipulator System 
Structure and Mechanical Subsystem 
Service and Cooling Umbilical 
Supercritical Helium 
Scientific Instruments 
Shuttle Infrared Telescope Facility 
Side-Looking Radar 
Secondary Oxygen Pack 
Statement of Work 

Special Purpose Manipulator System 
Space Suit Assembly 
Space Support Equipment 
Support Systems Module 
Space Shuttle Payloads Description 
Space Telescope 

Spacecraft Tracking and Data Network 
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ACRONYMS AND ABBREVIATIONS (Continued) 


STS 

Space Transportation System 

TBD 

To Be Determined 

TCS 

Thermal Control Subsystem 

TDRSS 

Tracking and Data Relay Satellite System 

TPS 

Thermal Protection System 

TV 

Television 

UCD 

Urine Collection Device 

UV 

Ultraviolet 

WIF 

Water Immersion Facility 

°C 

Degrees Centigrade 

Op 

Degrees Farenheit 

AV 

Delta Velocity 
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YNTRODUdfOT 



A major objective of this Shuttle Extravehicular Activity (EVA) study was 
to present information to the Shuttle payload community on the capabilities 
of the Orbiter EVA baseline system. Converselyj the study was also designed 
to provide the Shuttle EVA system designers an overview of specific payload 
task requirements. Designers of the EVA systems are not fully cognizant of 
experiment and payload requirements with potential extravehicular (EV) 
applications which may be economically advantageous in payload design and 
operation. Payload designers may not be aware of the availability of Orbiter 
subsystems and subsystem combinations that can be used to accomplish extra- 
vehicular tasks. This report is intended to promote the exchange of informa- 
tion between the payload experimenters and EVA system designers. 


1.1 BACKGROUND 

The economic constraints on manned space flight are more pronounced on the 
Space Shuttle Program than in previous U. S. space activities. Both the 
Space Shuttle launch system and the payloads are pursuing the most economical 
means of payload transportation and experiment development and operation as is 
feasible without impacting experiment objectives or flight safety. Payload 
servicing and refurbishment studies have indicated that extravehicular on- 
orbit servicing is a prime candidate for economically satisfying payload 
operational requirements. Much of the EVA support equipment will be provided 
onboard the primary spacecraft, the Shuttle Orbiter, for safety and contingency 
situations. Eight Spacelab (Sortie) payloads and six Automated payloads are 
specifying planned EVA for on-orbit servicing in the early payload design 
phase. In addition, 97 Spacelab payloads of the 157 identified in the 
Marshall Space Flight Center Summarized NASA Payload Descriptions documents 
(Sortie Payloads— July 1975) specify EVA for contingency operations. The 
Automated payloads specify contingency EVA for 60 of the 84 payloads 
identified in August 1975. 
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The Shuttle EVA system is expected to play a major role in payload servicing 
and refurbishment on both currently defined and future payload missions. 

The EVA role is further enhanced since the Shuttle system will provide 
subsystems and equipment to perform three 2-man EVA operations of 6 hours 
duration on each 7-day Shuttle flight. One EVA capability, however, will 
always be reserved for contingency rescue operations. Orbiter-provided 
EV support equipment includes space suits, life support equipment, airlock, 
equipment servicing provisions, prebreathe subsystems, and all expendables 
and consumables at no cost to the payload. EVA capability in addition to the 
Orbi ter provisions can be added as mission kits but are chargeable to the 
payloads. 

1.2 SCOPE AND APPROACH 

The study effort comprised a combination of data identification, compilation, 
and analyses of EVA and payload systems followed by selection of potential 
EVA payload tasks, timeline and procedures development, conceptual designs, 
and presentation methodologies/forraatting. The study consisted of five (5) 
major tasks and several related subtasks to reach the study milestones. 

The major tasks are listed below: 

• Develop Shuttle EVA systems descriptions 

s Identify and develop Shuttle EVA operational modes descriptions 

0 Identify and select representative EVA payload missions/tasks 

$ Develop payload EVA task completion plans (timelines and procedures) 

e Define payload EVA task support requirements not currently 
included in the Orbiter baseline system. 


The overall study approach is illustrated in Figure 1.1-1. The study results 
presented in this volume of the final report include Tasks 3 through 5 of 
the overall study. The results of Tasks 1 and 2 are provided in Volume I. 

Task 1 provides a summary description of the Space Shuttle baseline EVA 
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systemCs) required to perform planned and candidate on-orbit payload 
servicing operations. The description provides the physical and operational 
characteristics of the baseline EVA system including illustrations and 
drawings. Task 2 identifies and provides a descriptive overview of the 
available EVA operational modes provided by the Shuttle Orbiter and avail- 
able to support on-orbit payload servicing functions. The primary operational 
modes consist of: unaided EVA, EVA wi th the Remote Manipulator System (RMS), 

EVA on^ RMS and EVA with a Manned Maneuvering Unit (MMU). The EVA oper- 
ational modes description includes performance characteristics and 
limitations of each system. The study results of the above tasks are 
provided in Volume I of the final report. 

Task 3 presents the results of specific payload analyses and selects poten- 
tial EVA tasks to conduct typical EV missions. Payload analyses emphasis was 
placed on the payloads currently designing for planned EVA or studying 
concepts for EVA servicing, and payloads with potential cost savings through 
EVA utilization. Task 4 develops EVA procedures and timelines for conducting 
the -typical EVA missions identified in Task 3. The EVA procedures entail 
crewmen operations from airlock egress through mission operations and 
terminate following airlock ingress. Task 4 identifies el anents of the EVA 
mission including number of crewmen, translation aids and locations, work- 
station provisions, lighting, etc. 

Task 5 identifies additional EVA support requirements (e.g., subsystems, 
tools, equipment) necessary to complete the representative payload EVA 
missions (EVA scenarios) developed as part of Tasks 3 and 4* The additional 
EVA support equipment requirements are not currently part of the Shuttle 
baseline EVA system (or payload systems) and are recommended primarily to 
enhance overall EVA operational capability. Payload task requirements that 
are beyond the capability of the baseline EVA system were also identified 
and support equipment defined to permit completion of specific EVA missions. 
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I . iSECtiON ' ^ - ■■■• \... ■, ’ . ■ EVA TASK SELECTION AND TASK COMPLETION PLANS : 

2.1 INTRODUCTION 

The identificatiorij description and selection of representative payload 
tasks for potential EVA application were derived from an analysis of four 
candidate payloads scheduled fcr Shuttle flights in the 19S0‘s. The pay- 
loads, selected by the NASA, include the following: 

• Advanced Technology Laboratory (ATL) 

• Low Cost Modular Spacecraft (LCMS) — Formerly Earth Observatory 
Satellite (EOS) 

• Large Space Telescope (LST) 

• Shuttle IR Telescope Facility (SI RTF) 

The Shuttle payloads selected contain experiment disciplines from both the 
Automated and Spacelab payload classifications. The payload selection was 
designed to allow detail analysis of a minimum number of payloads possessing 
representative operations and configurations across the total payload 
community. The payloads were sufficiently diverse to identify and select a 
number of typical EVA tasks which would inclusively require all baseline 
EVA systems while utilizing a wide range of EVA crew capabilities. 

In the selection of tasks for EVA application, primary emphasis was placed 
on the analysis of payloads currently either planning for or studying 
concepts for orbital EVA servicing. Additional EVA operational categories 
defined for and addressed by this study are unscheduled EVA, contingency 
EVA and potential planned EVA. The study does not attempt to prioritize 
the EVA operational categories relative to mission success, equipment Salvage, 
or spacecraft/crew safety. The four EVA operational categories as defined 
by this study are described in the subsequent section. 
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2.1.1 EVA Operational Categories 

For purposes of this study, EVA is classified into four basic categories 
defined as follows: 

« Planned EVA - Required as the prime method of accomplishing the 
mission objectives (support of selected payload operations). 

These tasks are planned and trained for as part of the mission / 

preparation. 

• Unscheduled EVA » Tasks v;hich are not planned but which may be 
required to achieve payload operation success or enhance overall 

mission success. - 

* Contingency EVA - All inspectionj remedial or rescue activities 
required to effect safe return of the crew. 

s Potential Planned EVA - Activities that could be accomplished by 
EVA but would require an alteration in mission' plans or a change in 
payload, Orbiter, or EVA hardv/are. Benefits could include: 

- Reduction in payload subsystem complexity 

- Reduction in Orbiter support systems complexity 

- Reduction in mission cost 

- Efficient utilization of baseline EVA equipment. 


Tasks identified for each of the four selected payloads are grouped into 
one of the above referenced categories. 


2.1.2 EVA Task Classification 

An assessment of the orbital and transearth EVA operations conducted on past 
space programs. Shuttle payload plans, and analysis of projected operations 
has yielded numerous functions that can be effectively performed by man 
outside the space vehicle. These functions may be combined to provide a 
general classification of twelve major EVA task functions as listed below; 

• Deploy/ Retract ® Remove/Replace 
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• Cargo Transfer 
« Assembly/Mating 
e Maintain 
fl Operate/Monitor 
« Inspect/Diagnose 


• Repair/Refurbish 

• Data Acquisition 

t Satellite Deploy/Recover 

• Crewman Translation 
e Astronaut Rescue 


The specific requirements associated with each extravehicular function 
depend upon the particular mission/payload. A general description of major 
EVA functions was determined and is defined in Table 2.1,1. The task 
classifications shown in the table are used in describing payload operations 
for each EVA task identified. 


2.1.3 EVA Task Selection 

The EVA tasks identified from an analysis of the selected Shuttle payloads 
are presented in the following subsections. Initially an overall description 
of each payload, its function, major components, and EV crew interfaces are 
described based on payload data available in early 1976. Payload operations 
considered within the capability of present EVA equipment development 
technology and demonstrated EV crewman capability are listed. The EVA 
tasks involved in each of the payload operations are described using the EVA 
task classification provided in Table 2.1 .1 . Finally, general rationale 
relative to task performance is presented. 

2.1.4 Payload EVA Task Completion Plans 

The payload EVA task completion plans encompass the development of preliminary 
crew procedures and timelines (based on the payload defined tasks), identifica- 
tion of crewman-to~payload interfaces, and development of preliminary Shuttle 
EVA preparation and post operations and timelines. In order to maintain 
payload EVA operations continuity from task identification through procedures 
development, the EVA task completion plans (Task 4) and the EVA task selec- 
tion (Task 3) products are integrated for presentation in this report. 
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TABLE 2.1.1; Classification of Typical EVA Tasks 



TASK DEFINITION 

DEPLOY/RETRACT 

To DEPLOY is to arrange, extend, place, unfold, 
position, etc, payload components, systems, subsystems, 
or experiment apparatus and to secure that equipment 
into its programmed location and configuration. 

To RETRACT is the reverse function and includes the 
releasing of the securing device(s) and the retraction, 
folding, stowing, etc. of the equipment (e.g., DEPLOY/ 
RETRACT antennas, sensors, booms, solar arrays, experi- 
ment samples, etc.). 

car6o transfer 

CARGO TRANSFER is the transfer, movement, transportation, 
etc. of materials from one stable point in free space to 
another including on/off loading, tethering/restraining, 
inflight stabilization, mass relocation, untethering/ 
unrestraining, special handling, etc. accomplished either 
manually or assisted by crewman maneuvering equipment 
(e.g., CARGO TRANSFER of film packages, retrieval of 
experiment modules, supplies and expendables). 

ASSEMBLE/MATE 

To ASSEMBLE/MATE is to join, secure, fit together two 
or more units, components, subassemblies, etc. into a 
complete systan by the performance of various operations 
that may include sealing/bonding/welding, making of 
electrical /fluid/mechanical connections, and the 
positioning/stabilization prior to and during the 
installation (e.g., antenna assembly/erection, space- 
craft assembly, kick stage mating, meteoroid collection 
equipment, etc.). 

MAINTAIN 

To MAINTAIN is to perform scheduled, periodic operations 
required to sustain system efficiency and may include 
servicing, cleaning, focusing, vessel resupply, aligning, 
calibrating, tightening, checking, etc. (e.g., MAINTAIN 
sensors, cleaning lenses and coatings, resupply of 
fluids, etc.). 
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TABLE 2.1.1: Classification of Typical EVA Tasks (continued) 


TASK 

■ 

TASK DEFINITION 

DATA ACQUISITION 

DATA ACQUISITION is the procurement, attainment, or 
collection of factual information and measurements by 
sensor/recording equipment. This function may include 
the positioning of sensors in proximity of phenomenon of 
interest, the stabilization of sensors, data recording, 
deactivation of sensor/recorder, etc. (e.g., data or 
electromagnetic field intensities and patterns, still and 
movie photography, plasma wake measurements, etc.). 

SATELLITE DEPLOY/ 
RECOVER 

SATELLITE DEPLOY is the performance, or assistance in the 
performance, of various sequential operations that result 
in the launching or emplacement of free flying satellite/ 
subsatellite spacecraft into a desired orbit and may 
include pre-release inspection and checkout, satellite 
release, post-release inspection, etc. (e.g., DEPLOY 
experiment subsatellites, orbital storage vessels, auto- 
mated spacecraft, etc.). 

SATELLITE RECOVER is the performance or assistance in the 
performance of various operations to accomplish the 
retrieval /acquisition of a free flying satellite/subsatel- 
lite spacecraft from orbit (may be unstable and uncoopera- 
tive) and the stabilization of it in the desired position. 
This function may include satellite rendezvous, pre-recovery 
inspection, stabilization/grappling, disabling of stabili- 
zation system/despinning, removing appendages/expelling 
expendables, positioning and securing satellite in 
receptacle, attachment of support umbilical s, etc. (e.g., 
RECOVER experiment subsatellite(s), automated spacecraft, 
etc.). 

ASTRONAUT RESCUE 

ASTRONAUT RESCUE is the acquisition, extraction and 
retrieval of a disabled EVA astronaut from a hazardous 
environment and positioning him in a safe location. This 
may include rendezvous, stabilization, securing, trans- 
lation and obstacle avoidance, etc. (e.g., recovering 
astronaut from disabled Manned Maneuvering Unit, other 
spacecraft, structural entanglement, etc.). 
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TABLE .2.1,1; Classification of Typical EVA Tasks (continued) 


TASK 

TASK DEFINITION 

OPERATE/MONITOR 

To OPERATE is to conduct a series of tasks in a specific 
sequence to permit continuing performance of systems for 
meeting mission objectives and may include activation, 
sequential control, deactivation, etc. 

To MONITOR is to watch, observe, check, and review the 
status/progress of events and operations for the purpose 
of verification, regulation, or feedback control (e.g., 
experiment or spacecraft systems activation and perform- 
ance evaluation). 

INSPECT/DIAGNOSE 

To DIAGNOSE is to investigate or analyze the cause or 
nature of a condition or phenomenon (e.g,, INSPECT/ 
DIAGNOSE as to possible cause(s) and location of pressure 
leak in spacecraft shell, radiator degradation, thruster 
malfunction, etc.). 

REMOVE/REPLACE 

To REMOVE/REPLACE is to perform various operations to 
remove, detach, displace a module or subassembly from an 
assembly/system and to replace it with a substitute or 
superseding item. This function may include releasing, 
removing, storing, acquiring, replacing, aligning, 
installing, securing, etc. where special, complex aids 
should not be required (e.g., REMOVE/REPLACE thruster 
modules, experiment modules, film canisters, etc.). 

REPAIR/REFURBISH 

1 

To REPAIR/REFURBISH is to perform appropriate corrective 
action to renovate, recondition, etc. a damaged or mal- 
functioning item and to restore it to a usable, operable 
state. This may include nonscheduled replacement at 
component level, cutting, sealing/bonding/welding, etc. 
This function will normally require the use of special 
aids (e.g., REPAIR/REFURBISH solar array panels, meteor- 
oid damage, thermal coating replacement, etc.). 

CREWMAN 

TRANSLATION (EVA) 

CREWMAN TRANSLATION is the safe scheduled movement, 
transfer, or transportation of crewmen from point to 
point in free space or on the exterior of a single 
or docked vehicle(s). Translation support equipment 
may include handrails/ handholds, tethers, MMU's, etc. 
(e.g., CREWMAN TRANSLATION between undocked vehicles, 
on the exterior surface of single or integrated vehicles, 
or in the immediate proximity of any spacecraft. 


MGO 0/VA/JE‘I_iL 





2 , 1-6 



SPACE SHUTTLE EVA 


MDC WOO 14 
2 JUNE 1976 


To avoid redundancy in the development of EVA procedures and timelines, 
each payload EVA task identified in the task selection phase is not included 
in the EVA task completion plans. The quantity of possible EVA tasks defined 
for each of the payloads is intended to demonstrate the numerous and diverse 
Shuttle EVA applications. Several of the key EVA tasks were combined to 
develop representative EVA mission scenarios for each of the selected payloads. 
Following task selection for the representative EVA missions, trade-off 
criteria were developed to determine the best approach to task completion 
using the EVA operational modes defined in Volume I of this report. Task 
completion plans were then developed. 
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2.2 ADVANCED TECHNOLOGY LABORATORY (ATL) 

2.2.1 ATL Program Description 

2. 2. 1.1 Introduction 

The Advanced Technology Laboratories (ATL's) are dedicated, multi- 
disciplinary sortie payloads particularly suited to the research require- 
ments of the NASA Langley Research Center. The ATL discussed in this 
document is currently classified as Shuttle Mission 11 in the NASA 
Integrated Mission Analysis and Planning Schedule (Ref. 2.2.1). The 
Shuttle Mission 11 ATL is the fifth Shuttle operational flight and the 
first ATL to orbit and perform a 7-day, Orbiter-attqched Sortie mission. 

The ATL consists of a pressurized, habitable Spacelab and a 6 meter (=^20 ft.) 
pallet. This ATL payload consists of thirteen experiments selected from 
payloads ATL-2, ATL-3, and ATL-5. A crew of 6 (3+3) vn‘11 be required: A 

commander, pilot, and mission specialist to operate the Orbiter, and three 
payload specialists for payload operations. The mission 11 ATL experiments 
consist of communications and navigation, earth observations, physics and 
chemistry, microbiology, component and systems tests, and environmental 
effects disciplines. The orbital altitude is 350 km. (189 N. mi .) at an 
inclination of 57 degrees. The payload is scheduled for launch on 
May 1, 1980, at 1345 EST from the Kennedy Space Center (KSC) for a 7-day 
mission. Approximately 132 hours are required for mission completion. 

The primary goal of the Advanced Technology Laboratory payloads is to utilize 
the space environment (e.g., high altitude and velocity, weightlessness, 
radiation, and earth orbital perspective) to develop and test a wide 
variety of advanced technology systems and techniques to permit all NASA 
centers to extend laboratory programs into space. 


2.2. 1.2 ATL Experiment Description 

The Mission 11 ATL experiments were tentatively selected by the NASA Langley 
Research Center (LaRC) in June 1975 and currently remain under study. The 
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thirteen experiments are listed in Table 2.2.1 by number and title assigned 
by the Marshall Space Flight Center {.MSFC) Space Shuttle Payload Documents 
(SSPD)-Ref. 2.2.3 and 2.2.4. 


TABLE 2.2.1: ATL Experiments (Mission 11) 


SSPD NUMBER 

EXPERIMENTS 

XST-QOl 

Microwave Interferometer 

XST-004 

Autonomous Navigation 

XST-006 

Search and Rescue Aids 

XST-008 

Imaging Radar 

XST-010 

Lidar Measurements 

XST-019 

UV Meteor Spectroscopy 

XST-020 

Zero g Colony Growth 

XST-021 

Microorganisms in Zero g 

XST-023 

Electrical Characteristics of Cells 

XST-024 

Properties of Biological Cells 

XST-026 

Zero g Steam Generator 

XST-029 

Environmental Effects 

XST-044 

Contamination 


The objective of each ATL experiment is described below: 

8 Microwave Interferometer Navigation and Tracking Aid, XST-001: 
used to determine the capability of a satellite interferometer 
technique at L-band frequency to locate low powered radio sources 
on earth. 

8 Autonomous Navigation, XST-004: used to determine the capability 

of a number of navigation techniques for determining orbital 
position relative to earth ground track. 


2 . 2-2 


MCOONIMIEt-t. DOUGLAS 




/ 





SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


• Search and Rescue AidSj XST-006: used to determine the capability 

of side-looking radar to detect and locate passive earth-located 
targets. 

• Imaging Radar, XST-008: used to determine the capability of imaging 

radar to obtain satisfactory radar images from low earth orbit. 

9 Lidar Measurement of Cirrus Clouds and Lower Stratospheric Aerosols, 
XST-010: used to measure the spatial distribution of cirrus clouds 

and low stratosphere aerosols. 

« Ultraviolet Meteor Spectroscopy from Near Earth Orbit, XST-019; 
used to obtain quantitative spectra of meteors in wavelengths below 
3100 angstroms (A) . 

» Colony Growth in Zero-Gravity, XST-020: used to investigate the 

pattern of growth of bacteria colonies in near zero gravity. 

9 Interpersonal Transfer of Microorganisms in Zero Gravity, XST-021 : 
used to investigate the interpersonal transfer of nn'croorganisms 
between crewmen in weightlessness. 

• Electrical Characteristics of Cells, XST-023; used to measure the 
el ectrophoritic mobility, surface zeta -potential and surface charge 
density of selected mammalian cell lines. 

Special Properties of Biological Cells, XST-024: used to determine 

the physical properties of mammalian cells in zero gravity. 

A Zero Gravity Steam Generator, XST-02 jS: used to obtain performance 

data on the operation of the zero gravity steam generator. 

« Environmental Effects on Non-Metallic Materials, XST-029: used to 

investigate and understand space environment effects on elastomers, 
coatings and polymers. 

In addition to the above experiments, an Integrated Real Time Contamination 
Monitor (IRTCM), Experiment XST-044, will be used to provide simultaneous 
measurements of contamination composition, deposition rate, particle size 
and effect on optical surfaces. The experiment will also provide the means 


2.2-3 


n/tca o iMtMssjLL, 




O' 


SPACE SHUTTLE EVA 


MDC WOO 14 
2 JUNE 1976 


for evaluating the effectiveness of cleaning techniques on surfaces in 
which contamination has been carefully monitored. 

Numerous ATL compatible experiments are being considered by the NASA for 
application in the Space Technology discipline. Various experiments and 
payload bay installation configurations are being studied for optimum ATL 
flights. A tuneable laser {CO 2 ) with an IR telescope and detector is also 
under consideration for the first ATL mission. The tuneable laser provides 
the capability for remote sensing of the earth atmosphere and Shuttle 
external environment. The tuneable laser may be flown in lieu of the 
imaging radar on the initial ATL mission; however, this document addresses 
only the imaging radar configuration. 

2. 2. 1.3 ATL Payload Configuration 

The ATL payload baseline configuration consists of three major elements. 
Figure 2.2-1: 

# A pressurized, habitable module consisting of subsystem support 
equipment for internal accommodation of experiments 

* A 6 meter (s^20 ft.) pallet structure providing external mountings 
for experiments and sensors 

« An Integrated Payload System (IPS) consisting of experiments and 
experiment support equipment housed either in IPS experiment consoles 
within the pressurized laboratory or mounted on the pallet. 

The pressurized laboratory consists basically of a 4.6 m. (180 in.) diameter 
cylindrical section, 6.1 m. (240 in.) long with 60° conical sections 
attached at each end, Figure 2.2-2. The aft conical section is removable 
for installation of experiments and equipment. Access into the laboratory 
is through a 1.5 m, (60 in.) diameter hatch. The laboratory consists of a 
crew station console for control and monitoring onboard systems and 
experiments, a data management console for recording experimental data, 
a workbench for general operational support, standard equipment racks for 
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FIGURE 2.2-2: ATL Pressurized Laboratory Configuration (Concept) 
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housing carry-on electronics, and cabinets for crew personal items. 

Viewing is accomplished through airlocks and/or observation windows. 

Two scientific airlocks, located on top of the laboratory, are available 
for deploying experiments. If an airlock is not used, optical windows or 
hatches may be installed. The opticaT windows, approximately one meter 
(40 in.) in diameter, may be used for experiment observation. Three smaller 
windows, approximately .3m. (12 in.) in diameter, are available for 
experiment viewing: two on the laboratory aft bulkhead and one between the 

airlocks. 


The experiments for ATL with pallet mounted equipment include the following: 

• Microwave Interferometer Navigation and Tracking Aid— XST-001 

• Autonomous Navigation— XST-004 

• Imaging Radar (XST-008) and Search and Rescue Aids--XST-006 
« Integrated Real-Time Contamination Monitor— XST-044 

• Environmental Effects on Non-Metal! ic Material S--XST-029. 

A preliminary external arrangement of the pallet for the above ATL experiment 
is depicted in Figure 2.2-3. Descriptions of the major experiment hardware 
systems (external) are provided in Subsection 2.2.2 of this document. 

The Integrated Payload System (IPS) consists of LaRC experiments, experiment 
support hardware, and structural consoles for housing experiments and equipment. 
Most experimental supporting electronics and other subsystems are housed within 
the IPS experiment consoles. Figure 2.2-4. However, certain sensors are located 
on the. unpressurized pallet with supporting electronics located in the consoles. 
The TPS includes all the equipment and sensors, regardless of location, required 
for the ATL mission (i.e. , Shuttle Mission No. 11) . The IPS uses standard 
consoles which enhances the rapid interchangeabiTity of the ATL interior. Four 
consoles will support 2.8 m^ (TOO ft^) of experimental equipment (Ref. Figure 
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2. 2. 1.4 ATL EVA Requirements 

The ATL pallet mounted equipment is currently being designed (conceptual 
phase only) for complete operation from vjithin the pressurized laboratory. 

No planned EVA's are presently being scheduled. Contingency extra- 
vehicular functions are being considered only in the event of external 
equipment malfunction or failure. Possible ATL EVA applications identified 
in later subsections are based on: (1) enhancing mission success; (2) 

ensuring safe crew and Orbiter return; and (3) hardware modification for 
economical EVA payload application. The three EVA areas are categorized 
as unscheduled, contingency, and potential planned EVA (Ref. Section 2.1.1). 

2.2.2 ATL Equipment Description— Pallet Mounted 

The design of ATL experiment support hardware located outside the pressurized 
laboratory has been developed only to the conceptual phase. Planning and 
analyses to select experiments for the initial ATL flights are continuing in 
early 1976. Pallet mounted equipment for supporting experiment operations 
(e.g., deployment/retraction mechanisms, jettison devices, backup systems) 
is not defined to the level required for specifying detailed (candidate) EVA 
applications. The experiment systems and equipment described below are 
derived from References 2.2.1 and 2.2.2 and are subject to change as payload 
development and experiment selection progress. 

2. 2. 2.1 Microwave Interferometer Navigation and Tracking Aid— X5T-001 

The XST-001 experiment equipment accessible to the EVA crewman consists of 
a 2.3 kg. (5 lbs.) receiving antenna and preamplifier at each end of 
extendible, orthogonal booms, boom cannisters, four 38.1 m. (125 ft.) 
extendible booms, and various boom actuating mechanisms, Figure 2.2-5. 

Cables from the receiving antennas are deployed along the booms to radio 
receivers at the hub of the experiment. Extendible booms of the astromast 
coil able or articulated lattice type are proposed for antenna deployment. 

The booms are retractable and are stowed for launch and reentry. 
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Based on the XST-OOl experiment hardware conceptual configurations and 
mechanical components, EVA can be applied in the unscheduled, contingency, 
and potential planned EVA categories. Depending on final hardware design 
and equipment accessibility, unscheduled or contingency EVA can be conducted 
should equipment malfunctions occur. Design of the XST-OOl boom latching 
and folding mechanisms for manual operation could be cost effective both 
in initial design and launch weight cost. 

2. 2. 2. 2 Autonomous Navigation — XST-004 

The autonomous navigation experiment designers are considering a single 
telescope coupled to a coherent optical parallel image correlator with an 
inertial reference unit as the major pallet mounted equipment. The equip- 
ment is to be mounted within a platform assembly with rotation provided by 
the Orbiter to gain viewing of both the starfield and the Earth, Figure 

2.2-6. The basic design being considered uses a 20 cm. (7.9 in.) clear 
aperture Schmidt-Cassegrain telescope with an 8° field of view, a one-watt 
He-Ne laser, a 25 nrn. (.98 in.) wafer image intensifier, paraboloidal 
mirrpr segments, fixed multiplexed matched spatial filter, image dissector 
electro-optical readout system, and an optical-to-optical input imaging 
device. 


2. 2. 2. 3 Imaging Radar — XST-008 — and Search and Rescue Aids — XST-006 

The ATL imaging radar and search and rescue aids experiments use a slotted 
waveguide array antenna mounted on a pallet to perform the experiments. 

The antenna, its deployment/retractipn mechanisms and the radar units may be 
candidates for EVA operations. 

The imaging radar experiment employs a side-looking radar (SLR), spectrum 
analyzer, magnetic recorder, photographic camera, analog-to-digital converter, 
buffer, slotted waveguide array antenna, and supporting electronics, Figure 

2.2-7. The tilting antenha is deployed beyond the payload bay doors during 
orbital operations. Dimensions of the major components are shown in Figure 

2.2-7. 
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FIGURE 2.2“6: ATL Autonomous Navigation Experiment 
— Pallet Equipment 


The search and rescue aids experiment uses a side-looking radar (SLR), target 
reflectors (spheres, corner reflectors, Luneberg lens), slotted waveguide 
array antenna, and supporting instrumentation located in the pressurized 
laboratory. Figure 2.2-8. A simplified block diagram of the side-looking 
radar for the search and rescue aids ATL experiment is shown in Figure 2.2-9. 


Detail design of the pallet mounted equipment is not currently available for 
identifying EVA crewman-to-hardware interfaces or possible ATL EVA applications. 
As in the previously identified ATL experiments, candidate EVA applications 
appear to be in the unscheduled and contingency areas to enhance mission 
success or perform maintenance operations to ensure safe crew return. Should 
designers elect to incorporate manually actuated boom and antenna deploy- 
ment mechanisms in lieu of automatic drive units, planned EVA could be used 
for sensor/ system deployment/retraction across the total ATL program. 
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2. 2. 2. 4 Integrated Real-Time Contamination Monitor — XST-044 

The integrated real-time contamination monitoring experiment configuration 
relative to EVA application consists of a black box assembly on the ATL 
pallet. The assembly consists of experiment components including a mass 
spectrometer, optical module, particle spectrometer, optical effects module, 
multiplexer, decoders, filters, optics, etc. required to conduct the ATL 
contamination experiments (Ref. Figure 2.2-3). 

Potential EVA applications may consist of black box retrieval following a 
malfunction for repair inside the pressurized laboratory or complete unit 
replacement from a spares depot, 

2. 2. 2. 5 Environmental Effects on Non-Metal lie Materials— XST-029 

The XST-029 experiment consists of tv/o exposure arrays containing elastomers, 
ebatings, and polymeric film samples sealed within vacuum tight containers. 
Upon test initiation, the array panels are deployed from the ATL pallet by a 
single 15-.2 m. (50 ft.) extendible boom. Figure 2.2-10. When the boom is 
fully extended, the samples are unsealed and exposed to the space environ- 
ment by mechanically removing covers from the array containers. The 
experiment is completely passive following cover removal. Prior to reentry 
the array containers are resealed, the boom retracted and the samples main- 
tained in vacuum stowage until delivered to ground laboratories for analysis. 


The XST-029 experiment pallet mounted components include exposure arrays (2), 
vacuum stowage containers, mechanical deployment/ retraction mechanisms, tape 
recorders, and supporting electronics. The role of man in the experiment 
requires only the activation of the deployment boom and sample exposure 
mechanisms and periodic temperature readout at specific points during the 
mission. 


EVA could be applied in each of the three EVA applications categories (un- 
scheduled, contingency and potential planned) based oh equipment design and/or 
on-orbit system malfunction. Unscheduled or contingency EVA can be performed 
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to repair the deployment boom, retrieve the exposure samples, or jettison 
the boom if failed in the extended position. Potential planned EVA could 
be conducted to extend and retract a manually actuated boom, thereby 
eliminating an automated system. 

2.2.3 ATI EVA Task Description 

2. 2. 3.1 Planned EVA 

The ATL Mission 11 conceptual design studies are depicting all pallet mounted 
experiment equipment to be automated and operated from the pressurized 
laboratory. No planned EVA functions are identified in the ATL conceptual 
designs as of early 1976. 

2. 2. 3. 2 Unscheduled and Contingency EVA 

The Advanced Technology Laboratory, consistent with most Shuttle payloads, 
specifies the use of "contingency" EVA in the event of equipment malfunction 
or damage, (Contingency EVA as defined by the NASA Marshall Space Flight 
Center Space Shuttle Payload Description (SSPD) documents includes all EVA 
operations outside the Orbiter cabin excluding only planned EVA.) Analysis 
of the ATL payload discloses several automatically actuated subsystems in 
which a simple electrical or mechanical failure would render the total 
experiment completely inoperable. Failure of an extended boom or antenna 
would require the system to be jettisoned to enable payload bay door closure 
and Orbiter reentry. Assuming a second order failure, the malfunction of a 
jettison mechanism or entanglement of booms with surrounding equipment during 
jettison would necessitate a contingency EVA to ensure safe crew and Orbiter 
return. Relative to ATL equipment on-orbit malfunction, EVA can be employed 
to return the experiments to operational status or retrieve experiment 
sample/ equipment for return to earth. Typical ATL EVA tasks are identified 
in Table 2.2.2 based on hypothetical payload conditions. 

The Shuttl e Orbiter provides EVA support equipment and expendables to conduct 
two, two-man EVA's of 6 hours duration each on every Shuttle flight. The EVA 
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capability is available at no cost to the payloads. A third EVA capability 
is provided but reserved on each Shuttle flight for Orbiter contingency or 
rescue operationSj if required. Additional EVA capability for payload use 
can be provided as payload chargeable equipment. For the ATL payload, in 
vvhich several experiments deploy hardv;are (booms, antennas) once at mission 
initiation and retract the hardware only at mission termination, EVA appears 
highly applicable for replacing automatic deployment systems. 

2. 2.3. 3 Potential Planned EVA 

Potential planned EVA can be defined as candidate EV operations that could 
be performed if the man-machine interfaces were designed for on-orbit 
servicing/operation. The deployment and retraction of ATL booms and 
antennas can be performed by EV crewmen using a simple, geared hand crank 
or ratchet mechanism. Significant cost savings appear feasible from 
initial ATL design through orbital operation. The replacement of auto- 
mated deployment mechanisms and their associated backup, status and safety 
subsystems with manually actuated hardware should be a prime consideration 
in ATL payload planning and design. Table 2.2.2 lists ATL potential planned 
EVA tasks based on the utilization of EVA and baseline EV support equipment 
to replace automated hardware deployment systems. 


2. 2. 3. 4 Task Definition 


Analysis of the ATL Mission 11 payload resulted in the identification of 
representative tasks within the capabilities of the EVA crewman and support 
system technology. The tasks listed in Table 2.2.2 are typical of the twelve 
classifications described in Table 2,1.1 and require specific and sub-tasks 
for completion. The tasks are intended to illustrate a significant range of 
EVA capabilities available to the payload community and not a critical design 
review of the payload or associated support systems. EVA task outlines are 
developed in the following subsections to define major task requirements, 
sub-task classifications, and ancillary information. Typical EVA tasks are 
selected to develop representative EVA mission scenarios. Preliminary pro- 
cedures and timelines are developed in Sections 2.2.5 and 2.2.6 of this 
report. 
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2.2.4 ATI EVA Mission Scenarios 

The ATL development program identif ted candidate experiments for Shuttle 
flight early in the program definition phase. However, the selection of 
experiments, structural configuration, and experiment orientation/location 
in the payload bay have not been firmly established for the candidate 
flights. Only conceptual experiment configurations (preliminary) are 
currently available. No planned EVA operations are presently being 
specified. 


Two hypothetical EVA missions were defined from the ATL (Mission 11) tasks 
identified in Table 2.2.2. Several separate tasks were combined into a 
typical payload EVA servicing mission based on the representative ATL tasks. 
ATL EVA mission scenario number 1 assumes a malfunction of the launch lock 
on one of the four interferometer boom canisters, thus damaging the boom 
canister linkage and boom deployment mechanism during attempted boom 
extension. In order to conduct the experiment, an EVA is necessary to 
release the launch lock, remove the damaged canister linkage, deploy the 
boom canister and assist extension of the receiving antenna boom. The major 
tasks involved and task performance rationale are contained in Table 2.2,3. 
The second ATL mission scenario is predicated on the payload being designed 
to employ manual devices for actuating deployable subsystems. The ATL 
mission 11, as currently planned, contains the following pallet mounted 
experiments which incorporate extendible mechanisms: 

« Microwave Interferometer Navigation and Tracking Aid 

« Imaging Radar 

» Search and Rescue Aids 

* Environmental Effects on Non-Metal Tic Materials. 


The major extravehicular activities would involve releasing launch lock 
mechanisms and manually deploying various extendible structures at experiment 
initiation and configuring the experiment hardware for reentry/landing at 
experiment completion. Other EV activities associated with the UV Meteor 
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TABLE 2.2.3; ATL EVA T?isks-— Mission Scenario No. 1 


TASK/ ACTIVITY 


OPERATIONS OVERVIEW 


RATIONALE/REMARKS 


INTERFEROMETER BOOM 
RELEASE AND DEPLOYMENT 


Perform a two-man “unscheduled" EVA .to Structural damage during 
restore experiment to operational status launch, debris jam, malfunc- 
and avoid necessity to relaunch experiment tion in actuation mechanism, 

etc. ■ 


• Egress airToek and Crew translation using handrails over 
translate to worksite Spacelab module 

• Inspect and diagnose Determine cause of malfunction, repair 

requirements, tools and ancillary support 
equipment 

• Translate to tool/spares Retrieve support equipment and tools 
stowage 

t Transfer repair gear to Hand carry repair equipment to worksite 
worksite 

■ Deploy workstation and Attach/deploy equipment and ingress 
equipment portable Workstation 


Requires crew mobility aids 
to worksite 

Crew tether point required 
for stabilization: access to 
work area 

Requires portable worksta- 
tion, pry bar, hand tools 

Equipment tethered to trans- 
lating crewman 

Requires portable worksta- 
tion interface or “universal* 
attachment fixtures 



• Remove launch lock/link- Perform required repair/refurbishment 

age operations 

• Deploy boom canister Relocate EVA workstation and manually 

position interferometer boom canister 


Use two EV crewmen as 
required 

Requires mobility aids and 
portable workstation attach- 
ment provisions 





TABLE 2.2,3: ATL EVA Tasks — Mission Scenario No. 1 (continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

» Boom depl oytnent/ 
monitor 

Monitor interferometer boc«n canister door 
release and assist deployment if required 

Assumes interferometer boom 
deployment subsystem is 
operational 

fl Repair/replace launch 
lock/linkage 

Repair linkage/ launch lock at payload bay 
stowage/repair station 

Confirm microwave interfero- 
meter experiment operational 
before proceeding with 
repairs 

9 Replace launch lock 
and linkage 

Refurbish boom canister deployment system 
to operational status 

Use two EVA crewmen 

f Remove portable work- 
station and support 
equipment 

Remove all supporting equipment at 
worksite 

Reverse of installation 
operations 

t» Stow EVA support 
equipment 

• Translate to and 
ingress airlock 

Return and stow all EVA support items 

Requires two trips for one 
EV crewman 

TASK COMPLETE 
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Spectroscopy, Autonomous Navigation, and Lidar Measurements experiments 
would include contamination container venting, contamination cover removal, 
launch lock disengagement, and visual inspection. The primary tasks are 
listed and task performance rationale provided in Table 2.2.4. 

2,2.5 ATL EVA Task Completion PI ans— Mission Scenario No. 1 

The EVA task completion plans (Task 4 of the contract) provides a pre- 
liminary set of procedures and timelines to demonstrate that the selected 
EVA payload tasks can be accomplished by application of the Shuttle EVA 
system. The task completion plans delineate major elements of the EVA 
mission and the extravehicular mission support requirements including number 
of crewmen, EVA mission time, translation aids and location, restraints and 
tools. 

Preliminary timelines and procedures developed for the ATL mission scenario 
no. 1 (i.e., unscheduled EVA to rel ease/ deploy the Interferometer Navigation 
and Tracking Aid booms) are provided in Table 2.2.5. Assumptions associated 
with the mission scenario include the following: 

« Sufficient mobility aids (handholds, handrails) are provided 
by the payload and/or Shuttle Or biter to access the Spacelab 
pallet from the airlock. 

• Realizing the possible requirement for an unscheduled EVA, crew 
mobility aids are provided by the payload for access to each 
pallet mounted ATL experiment. 

• Since design details are not available for many of the ATL 
pallet mounted subsystems, conceptual designs were developed by 
the contractor to implement procedures development. 

• Two qualified crewmembers are available for conducting EVA, A 
third crewmember is available to perform minimal Payload Station 
(PS) EV supporting functions. 
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TABLE 2.2.4; ATL EVA Tasks— 'Mi s.s ion Scenario No. 2 


» 

\ 



TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

DEPLOY ATL (MISSION 11) 
PALLET MOUNTED EXPERIMENT 
SUBSYSTEMS 

o 

Experiment subsystems must be designed for 
on-orbit manual operation to conduct EVA 
mission. All experiment operations 
requiring deployment are performed by EVA. 

Economically justified in 
experiment/ payload develop- 
ment and launch programs 

1. INTERFEROMETER BOOM 
DEPLOY 



• Egress airlock; trans~ 
late to equipment 
stov/age 

Crew translation/tool transport across/ 
around Spacelab module 

Requires crew mobility aids 
to worksites 

« Ingress foot restraints 
and unstow support 
hardware 

Retrieve tools and task support hardware 
(Foot restraints are permanently mounted 
at stowage area.) 

Support hardware is part of 
payload launched equipment 

« Translate to worksite 
and ingress EVA work- 
station 

Stow/restrain/position support hardware, 
unfold and ingress workstation 

Portable EV workstation is 
launched at first worksite 
(1 only) 

• Deploy boom canisters 

Unlock launch latches and pivot canister 
to locked position (4 boom canisters) 

4 booms with 1 latch each; 
requires mobility aids/hand- 
holds 

9 Deploy booms 

Unlatch antenna stowage locks (1 per boom); 
attach ratchet handle; deploy 4 booms 
simultaneously 

Booms deployed from work- 
station 
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TABLE 2.2,4; ATL EVA Tasks-^-Mlssion Scenario No. 2 Ccontinued) 


ro 


rsa 

I 

ro 



TASK/ ACT IV XTY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

• Monitor during check- 
out 

One EV crewman standby for interferometer 
checkout, other crewman transfer to next 
worksite 


• Retrieve v/orkstation 
and equipment; trans- 
fer to next worksite 

Disengage EV workstation, unstow tools and 
translate to Imaging Radar— Search and 
Rescue Aids experiment 


2. IMAGING RADAR AND SEARCH 



AND RESCUE ANTENNA 
DEPLOY 



• Attach, deploy and 
ingress portable EV 
v/orkstati on 

Setup worksite for antenna positioning 
and deployment; (first EV crewman has 
previously ingressed second EV workstation) 

EV operations require two 
crew workstations, one is 
launched in place at experi- 
ment 

• Position antenna 

r 

Unlock and pivot antenna from stowed into 
deploy position (2 crewmen) 

Requires a crewman at stand- 
offs near each end of 
antenna 

• Deploy antenna 

i 

Use jack screw type telescoping unit to 
deploy antenna above doors into operating 
position 

Tool interface on experiment 
hardware; ratchet type 
actuation mechanism 

• Monitor during check- 
out 

First EV crewman standby for experiment 
checkout, second crewman transfer to 
Environmental Effects experiment with 
portable workstation and required tools 

NOTE; From this point EV 
crewmen perform separate 
tasks simultaneously 
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TABLE 2.2.4: ATL EVA Tasks-^Mission Scenario No. 2 (continued) 


ro 


ro 

I 

ro 

CO 


§ 

ft 

ft 

0 

f 



TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

9 Retrieve workstations 
and equipment; trans- 
fer to next worksite 

First crewman translate to area of three 
remaining pallet experiments 


3. ENVIRONMENTAL EFFECTS 
BOOM DEPLOY 



9 Attach, deploy and 
ingress portable 
workstation 

Setup worksite for boom deployment and 
experiment cover activation (covers are not 
removed until experiment is fully deployed 
to avoid “near vehicle" contamination) 

First EV crewman performs 
worksite operations (cover 
deployment only requires 
switch actuation) 

9 Depl oy boom 

Use ratchet gear drive mechanism to deploy 
boom 

Ratchet handle identical for 
all deployment operations 
(2 required) 

9 Deploy cover 

Actuate switch to deploy experiment covers; 
confirm cover open status 


i Return to equipment 
stowage area 

Replace tools and support equipment to 
stowage and secure 

Leave EV workstation for 
second EVA to configure 
experiment for reentry 

4. UV METER SPECTROSCOPY 



9 Attach, deploy and 
ingress portable 
workstation 

Prepare worksite to vent contamination 
container; remove and stow contamination 
cover 

Second EV crewman performs 
these experiment tasks 

e Vent contamination 
containers 

Actuate vent device 

Simple mechanical device on 
both experiments 
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TABLE 2.2.4: ATL EVA Tasks— -Mission Scenario No. 2 (continued) 


TASK/ ACTIVITY 


OPERATIONS OVERVIEW 


RATIONALE/REMARKS 


t Remove and stow 
covers 

5. AUTONOMOUS NAVIGATION 

• Repeat steps in item 
4 above 

6. LIDAR MEASUREMENT OF 
CIRRUS CLOUD'S 

» Repeat steps in item 
4 above 

« Return to equipment 
stowage area 


■ Transfer to and 
ingress airlock 


Release cover retainers and stow unit 


Perform operations similar to UV Meter 
Spectroscopy 


Perform operations similar to UV Meter 
Spectroscopy 

Replace tools and support equipment to 
stowage and secure 
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TABLE 2.2.5: ATL Task Compeltion Plans — Mission Scenario No. 1 


TASK ANALYSIS: TIMELINES AND PROCEDURES 


ACTlvnt TITLE; Interferometer Boom Release and 


TIKE (Hin.) 

CUM. Itasr 


rUHCTlOW AHD CREK TASK 
EVA CM2 


OTHER SUPPORT 


SrSTEM/PAYLOW 

IffTERFACES 


Sheet 1 of 6 

SPECIaI REqMTS.» 
REMARKS, NOTES 


I.O Prepare for unscheduled ti# 0 Hun EVA to service/deplojr Mlfunctloned 
Interferometer boom 


Egress airlock and translate 
to worksite; stabilize at 
worksite 

Egress airlock and translate 
to worksite; stabilize 

Payload Station: pay- 
load bay lighting as 
required 

Inspect equipment and 
diagnose problem 

Inspect equipment and 
diaanose problem; determine 
equipment/ tool requirements 


Formulate repair approach 

Translate to tool/support 
equipment stowage locker; 
Ingress foot restraints 


Same as above 

Retrieve portable EV work- 
station and 3 portable 
handholds; tether equipment 
to EMU and return to worksite 


Deploy EVA workstation, 
handholds; Ingress work- 
station 

Return to stowage area; 
retrieve socket set (with 
ratchet), pry bar, combina- 
tion wrench set, 3 equip- 
ment tethers, magnetic parts 
retainer and carry-all 
container 



Ejiterlor of airlock, 
transfer tunnel, 
Spacelab module and 
pallet 

Pallet and interfero- 
meter boon mount 


Orbiter handrails and 
stc'.vage locker 


EMU tether 


Spacelab pallet 


^Requires approx. 12 m. 

( 40 ft.) of EVA handrail 
—payload chargeable 


♦Requires 3 portable EVA 
handholds (assume hand- 
rails for boom access are 
Installed prior to launch 
as a backup measure) 

Foot restraints (1 set) 
provided at stowage locker 


♦Requires 1 portable EVA 
workstation and 3 portable 
handholds at worksite 


♦Requires tool sets; 
a 3/8" drive socket set 

• combination open/box 
end wrench set 

t magnetic parts retainer 
t 24“ pry bar 

• carry-all container 


“EVA 1 teas/equipment required to complete ATL Mission Scenario No. 1; to ba provided by payload. 
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TABLE 2.2.5: ATL Task Completion Plans -- Mission Scenario No. 1 (continued) 


\ f ' 


TASK ANALYSIS: TIMaiNES AND PROCEDURES 


TINE 

Min.) 

OiH. 

TASk 

24,0 

0.5 

24.0 

24.0 

3.S 

3.5 

4.0 

O.S 

4.5 

0.5 

1 

9.0 

4.5 

9.3 ■ 

0.3 


FUNCTION AJO CRBI TASK | 

EVA on 

EVA CM 

OTHER SUPPORT 

Sm at above 

Trantlite to worksite and 
stow/restrain tools 



2.0 Soon Uunch lock tnd bM itori9« CAfllsttr linkagt rttnoYtl/rtp^^ceaient 


RoBove upper and lower 

Assist OH: capture bolts 

bolts frtn dawaged llekate 

with wagnetlc retainer and 


stow 

RfBW)ve linkage 

Assist CM 1 : caddy tools. 


tether and secure linkage 


to structure 

Rewove electrical 

Assist on; NOTE MISALIGN- 

connector frow bocai canister 

NEKT OF LAUNCFTTOCIC RELATIVE 

launch lock 

TB~gm7W£g 

RoBove four bolts frew 

Assist CMl: caddy tools, 

launch lock 

capture bolts on Mgnetic 


reUilner 

Rewove canister launch 

Assist CN 1 : tether launch 

lock 

lock 


SYSTEM/PAYLOWI 

IJffERfACES 


Spicalib ptUst 


Payload €xp€rta»<«c 
equlpnefit 


SdM as abovt 


SPECIAL REQHTS., 
lEM/UUS* NOTES 


<2 stabilizes using hand- 
»lds and handrails 


EY CTMan required to 
renove bolts froa captive 
lock nuts (SEE Fit. 2 . 2 - 13 ) 

SAFtTT NOTE: Assure no 
stereo eniPgjr tn linkage 
•lechanisB 


Electrical connector pwUt type electrical 

housing Iconnector (NOTE NISALIGN- 

Mts are captive 


I Launch lock aechanis 
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TABLE 2.2.5: ATL Task Completion Plans -- Mission Scenario No. 1 (continued) 


! TASK ANALYSIS: TIMELINES AND PROCEDURES 


Sheet 



TI« 

K<n.| 

SEQ. 

FIMCT16N ANO CROI TASK | 

STSTEM/PAYLOAO 

SPECIAL REOMTS.. 

1 

CUM. 

TASK 

EVA CMl 

EVA CM2 

OTHER SUPPORT 

INTERFACES 

REMAfUCS, NOTES 


10.B 

1.5 

2.6 

inspect passive launch loch 

Inspect launch lock 








Interface on canister 






11.3 

0.5 

2.7 

Deploy boos canister to 

Oeplpy booe canister 


1 nterf eroneter boon 

rtARUil operation 





operational position 






»4.3 

3.0 

2.8 

Hon 1 tor Interfercaeter bocai 

Honitor boon deployoent: 

Payload Station: deploy 


5ooi deplmnent requires 





dep1oy»ent (first 3.0 

assist as required 

1 nterf eroncter boon 


2$ nU, (4 boons deploy 





■1 notes) 




sinul Uneous ly ) 

IN) 

17.3 

3.0 

2.9 

Inspect canister launch 

Monitor boot deploynent 



No visible launch lock 

ro 

i 




lock for danage 




daenge or dthrls 

LO 

r>j 

22.3 

5.0 

2.10 

Replace launch lock (secure 

Assist CMl 



Seoire with two bolts 





with two bolts only— 




for testing 





diagonal comers) 





1 

22.8 

0.5 

2.11 

Replace electrical connecter 

Monitor boon deploynent 




! 

*25.8 

3.0 

2.12 

Honitor launch lock opera- 

Monitor launch lock opera- 

Payload Station: actu- 


Launch lock operational 





tion 

tion 

ate launch lock switch 









— cycla 6 tines 


FAILURE MTIONALE: 

S 








Launch loads on boon 

0 








canister skewed boon 

0 








lock preventing 

0 

> 

j 







releasa. 

? 

28.8 

3.0 

2.13 

Replace renalnlng launch 

Assist CMl 



Align by referencing 

rn 

r 

r* 



1 

lock bolts, align and stcure 

i 



other 3 launch locks 

0 

0 
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TABLE 2.2.5: ATL Task Completion Plans -- Mission Scenario No. 1 (continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 

ACTIVITY lnterferoii¥?ter Boom Release arKj Oeployiaont 

ruWCTlOW /U 

^TTtASK * tYA”a^i EVA 


ruNCTiow m crew task 


OTHER SUPPORT 


SYSTEM/PAYLOAD 

INTERFACES 


Sheet 4 of _6_ 

SPECIAL REQMTS.. 
REMARKS, NOTES 


}C.6 2,0 2.14 HmUor launch opera- I Continue 6oon deployment I Payload Station: actu- 


tlof,— confin 


nonl toriny 


ate launch locks— cycle 
2 times 


Final launch lock checkoutl 


32*S l.S 2. IS Translate to tool/support Same as above 

equipment stoi^ige locker 

34.6 2.S 2.16 Retrieve spare boom canister Prepare for canister linkage 

linkage and t-anslete to rod installation 
worksite 

35.8 1 .0 2.17 Ingress workstation and Conflrai . -ifertflieter boom 

prepare for canister linkage deployment 
rod instillitlon 


41.3 5.5 2.18 Install spare canister 

linkage 


Assist CHI 


IntcrferoaeUr boom 
mount 


United spares available 
for critical item replace- 
mnt 

Return Interferoneter 
subsystan to operational 
status 


65.3 41,3 


3«0 Inspect pallet nowfitod axperlnent equipnent for damage and monitor 
taper 1 sent deployment 


10.0 3.1 Translate to and inspect 

liuging Radar and Search 
and Rescue Aids pallet 
Bounted equipnent 


Imaging Radar and 
Search and Rescue Aids 
equipment 


J. 
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TABLE 2.2.5: 


Mission Scenario No. 1 (continued) 


O P3 

: 5 


ATL Task Completion Plans -- 


eg 

Bo 
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r>o 

ro 
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TASK ANALYSIS: TIMaiNES AND PROCEDURES 




1 ACTIVITY TITLE; 

InterferoBietcr 6ocw AelMSg #nd D^lgyaient 



Sheet 5 of 6 

TIKE 

Kin.) 

SEQ. 

FUlCTlOft AND CKM TASK 

STSTEM/PATLOU) 

INTEKFACES 

SPECIAL REONTS. . 
REKAUS. NOTES 

CUH. 

TASK 

EVA CN1 

EVA CM2 

OTHER SUPPORT 

ZS.Q 

15.0 

3.2 

Nonitor anitnnt posltloolng 
and daplo>Mnt 

Saae as CN1: conflni antenna 
deployed 

Payload Station: deploy 
antenna to operational 
position 



37.0 

12.0 

3.3 

Inspect for d^auge: 

• OV Heuor Spectroscopy 

• Autonoaous Navigation 

• Ildar Neasi^rcBents 

Assist CM1; confire no 

damage 


ExpcriBent stiTictural 
exterior 

Experlaents located In 
saBi general area on 
pallet 

39.0 

2,0 

3.4 

Translate to Enviromental 
Effects eaperliaent and 
stabilize 

Translate to Envlrormantal 
Effects experlnent and 
stabilize 


Spacelab pallet and 
Orbiter handrails 


42.0 

3.0 

3.5 

Inspect for dasage 

SaM as CMl: conflm no 

damage 


EjpcrlBent extermal 
structure 


47.0 

5.0 

3.6 

Nonitor saaple booB deploy- 
■ent and cover container 

Conflna boom and cover 
actuation 

Payload Sutlon: dtploy 
antenna boom and sample 
cover 


Samples are contasl nail on- 
sensitive 

49.0 

2.0 

3.7 

1 

Translate to Initial EVA 
worksite 

Translate to Initial EVA 
worksite 



InterferoBeter worksite 

114.3 

49.0 

1 








4.0 PrtfMrt for and teminite EVA Mission 



3.0 

3.0 


Ingress EV workstation and 

Place tools and support 



Recover tools for stowage 
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TABLE 2.2.5: ATL Task Completion Plans -- Mission Scenario No. 1 (continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 

ACTIVITY TITLE; Interfercmcter Boa* Rcluse ifxl Deployinent 


TIML (Min. 


CUM. TASIC 


II 


FunaiOM 


CREW TASK 


7.0 2.0 
8.5 1.5 
12.0 3.5 


m CN1 

EYA CM2 

retrieve tools and support 
equipnient 

equi|»ent In carry-all pouch 

Egress workstation and 
detach workstation frca 
pallet 

Translate to tool/support 
cqu1p*ent stowage locker; 
ingress foot restraints; 
stow equipeent 

Translate to stowage locker 
and ingress foot restraints 

Egress foot restraints 
and standby 

Stow portable workstation 
and secure locker 

Assist CNl: confir* locker 
secure 

Translate to airlock and 
Ingress 

Translate to airlock and 
ingress 


OTHER SUPPORT 


SYSTEM/ PAYLCVU) 
irrERFACES 


SPECIAL REQMTS., 
REMARICS» NOTES 


In locker 


Stow ifMl secure tools/ 
eqwipBtKt for reentry 


Pallet. Specclab wodule^EVA OPERATIONS COMPLETE 
transfer tunnel and 
airlock exterior 


TOTAL EYA TINE: 2 hrs.. 6 win. 
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• Limited ATL spare components are provided for pallet mounted 
equipment. The spares are stowed in a locker attached to the 
pallet structure. 

• Foot restraints (1 pai.) and mobility aids are provided at the 
spares stowage locker. 

• Sufficient pallet lighting is provided by the Orbiter and 
payload to perform EV tasks. 

Mobility aid placement for accessing the ATL pallet from the external 
airlock is depicted in Figure 2.2-11. Provisions for the EVA crewman to 
translate from the airlock hatch, up the Spacelab end cone, over the 
module, down the aft cone, and along the pallet are incorporated in the 
Spacelab design. The pallet is sufficiently flexible to allow installation 
of handrails (and foot restraints) as required for each mission (Ref. 2.2.5). 
The quantity of handrail in excess of that provided as baseline equipment 
by the Shuttle Orbiter and Spacelab is estimated to be 12 m. (40 ft.). The 
handrail would be installed prior to launch (previous assumption) as a 
backup capability to ensure payload mission success, Figure 2.2-12. 


The ATL mission scenario no. 1 is predicated on the removal of launch lock 
and mechanical linkage mechanisms to restore the experiment to operational 
status. Detail design of the ATL hardware items was not available during 
this study~for many items, conceptual designs were also not available. 
However, hardv/are concepts were developed by this study to depict representa- 
tive types of EV operations and crewman interfaces that may be encountered. 
ATL launch lock and linkage concepts are provided in Figure 2.2-13 in order 
to illustrate the level of EV tasks and clarify the payload operational 
requirements. The hardv/are concepts are not intended to influence final 
component design. 


EVA support equipment in addition to the present Shuttle acconomodations 
will be required to accomplish the unscheduled payload repair functions. 
The additional support items consist of smaller hand tools and restraint 
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INTERFEROMETER BOOMS (4) 


BOOM CANISTER 


BOOM EXTENSION 
AND RETRACTION 
MECHANISM - 


BASE ATTACHED TO PALLET 


SUP'^ORT STRUCTURE 


LOCKING PIN 


4 BOLTS 
(CAPTIVE NUTS) 


CREW-TQ- PAYLOAD INTERFACE 


LATCHING MECHANISM 


FIGURE 2.2-13; Conceptual Layout of Interferometer Hardware--E’'A Interfaces 
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articles listed below: 

• Portable EVA workstation with restraint fittings—1 required 

• Portable EVA handholds — 3 required 
® Equipment/crew tethers — 3 required 
« Pry bar, 24 in. — 1 required 

s EVA handrail — approximately 12 m. (40 ft.) 

• Wrench set, mechanics 5-piece combination open and box end — 1 required 
i Magnetic parts retainer — 1 required 

• Small items carry-all container — 1 required. 

The additional support items required to perform each EVA mission scenario 
developed by the study are provided in Section 3.0, Tables 3,3.2 through 
3.3.10 of this report. 

2.2.6 ATL EVA Task Completion Plans— Mission Scenario No. 2 

The Advanced Technology Laboratory EVA mission scenario no. 2 is based on 
the replacement of automated experiment deployment systems with simple 
man-machine interfaces /mechanisms for manual operation. Each experiment 
would initially be designed (or modified) for on-orbit EVA servicing using 
either manual or power assisted hand tools. The experiments would provide 
"standard" tool interfac -s to minimize special tool requirements and 
quantity. The hypothetical EVA mission deploys and retracts the extendible 
members at experiment initiation and termination, respectively, for the 
following experiments: 

I Microwave Interferometer Navigation and Tracking Aid 

• Imaging Radar and Search and Rescue Aids 

s Environmental Effects on Non-Metallic Materials. 

The Environmental Effects on Non-Metallic Materials experiment incorporates 
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a motor driven sample exposure module in addition to a 15.2 m. (50 ft.) 
extendible boom. To avoid sample contamination, the sample exposure module 
will remain automated and he actuated from the crew cabin only with the 
boom in the fully deployed position. 

Additional EV functions supporting the manually deployed ATL experiments 
concept Include contamination container venting, cover removal, and launch 
lock release for the following experiments on ATL Mission 11: 

• UV Meteor Spectroscopy 

• Autonomous Navigation 

• Lidar Measurements. 

The above experiments would require only the replacement of automatic 
latching/locking and venting mechanisms with manually actuated units. 

The primary EVA tasks for ATL mission scenario no. 2 are outlined in 
Table 2.2.4 including EVA task performance rationale. The EVA task 
completion plans, shown in Table 2.2.6, provide a preliminary set of 
timelines and procedures to initially configure the experiments for orbital 
operation and for termination prior to reentry. The task completion plans 
delineate major EVA functions and hardware required to perform the mission 
including EVA task time, operational mode, translation aids and locations, 
restraints and tools. Assumptions and guidelines associated with the mission 
scenario include the following: 

0 The ATL experiment hardware is specifically designed for on-orbit 
EVA operation. 

« Although "hand-held" power tools for boom/antenna deployment may be 
applicable, only manually actuated devices are used to demonstrate 
fundamental EVA capabilities. 

6 Crew translation aids are provided at all required locations by the 
payload for EVA functions. 
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TABLE 2.2.6: 


ATI Task Completion Plans -- Mission Scenario No. 


2 


TASK ANALYSIS: TIMELINES AND PRXEDURES 

ACTIVITY TITLE: D«ploy ATL (Hfsilon 11) Pallet Hountid Ejiptriwcfit Subsystems 

NODE: Unaided EVA 

Sheet 1 of 10 

TIME 

Hlo.) 

SEQ. 

FUlCTlON AMO CREW TASK | 

SrSTEM/PATLOW) 

SPECIAL RtOffS., 

CUM. 

TASK 

EVA on 

Eva CK2 

OTHER SUPPORT | 

IMTERFACtS 

REMARKS. NOTES 




1.0 Initiate EVA to configure ATL for orbital operations 



4.S 

4.5 

1.1 

Egress airlock and trans- 
late to equ1p«ent stowage 

Egress airlock and translate 
to InterferoRieter base 
structure 

Payload Station: 
observe EVA functions 
If required 

Handrails and equi/- 
■ent stowage locker 

interferoneter base 
structure mounted directly 
to pallet 

7,5 

3.0 

1.2 

Ingress stowage locker foot 
restraints and retrieve 
boon deplo>«ient tools 

Inspect Interferoneter for 
deployment readiness 


Interferometer boon 
structure 

Inspect for launch damage 

10.0 

2.5 

1.3 

Tether tools to EHJ and 
translate to interferoottter 
boon stnicture 

Same as above 




10.0 

10.0 









2.0 Unlock and deploy tnterferorotter bocets 



5*5 

s.s 

?.l 

Ingress Interfercneter 
boon deployment workstation 
and engage hand tool 

Unlock launch lock on each 
boom canister (4 latches) 


Handrails and laiench 
locks 

Handrails are provided 
to access each launch 
lock. forUble EVA foot 
restraints are provided 
at first EV worksite only 
and are transferred as 
required. 
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TABLE 2.2.6: 


ATL Task Completion Plans 


Mission Scenario No. 


2 (continued) 


TASK ANALYSIS: TIMELINES AND PROCEDlffiES 




ACTIVITY TITLE: 

Ovpioy AIL (Nltslofi 11) Pallet Mounted Experlncnt Subsyst 

on 


Sheet 2 of 10 

TIKE 

(Hin.) 

S£Q. 

FUICTIOM AMD CR£U TASK | 

SYSTEH/PAYLOAD 

IHTERFACES 

SPECIAL REQKTS.. 

CUH. 

TASK 

EVA CM1 

EVA CM2 

OTHER SUPPORT 

REMARKS, NOTES 

12.0 

6.5 

2.2 

Deploy Uxsa canls- 

teri to aoUnna extension 
posltloe 

Complete launch lock release 
prior to deploying boon 
canisters; stabilize clear 
of boosa canisters and 
■onitor dtplojiBtnt 

Payload Station: Boni* 

tor deplo>Bent 

Interfertaneter boos 

Bocbi stowage canisters 
are deployed approx. 80* 
froB the stowed position 
prior to antenna deploy- 
Bent. Hand tools and 
canister dep1o>«»ent drive 
train allow botn roUrv 
and piush-pull (ratchet) 
notions. 

14.5 

2.5 

2.3 

Coaplcto booB caolitar 
deployMot^ ^ 1 sta 9 ope and 
tetMer band tool 

Translate to booe canisters 
(4) and cof^lm coeplete 
dep1o]i«ent 




15.0 

K5 

2.4 

Engage boon canister^ 
position lock pin In 
dfployeient drive linkage 

Sase at above 

Peyload Station: 
acknowledge boos canis- 
ters deployed 

Lock pin and deplpywent 
linkage 

Lock pie saewres canister 
In extended position 

1S.0 

2.0 

2.5 

Roaovt launch pin and 
engage hand tool to 
Interferoeeter bom 
extension drive train 
aechanlsa 

Trtnslate Co observation 
point a^d monitor boom 
deployaeat; tether to I 

stmccure 


Boon extension 
drive nechanlsa 

The booB stowage canister 
and interferoBeter Doon 
deployaent nechanlsns are 
accessible fron wt work- 
site 

30.0 

12.0 

2.6 

inltlata boos extension 
and deploy approx. 15.2 ■. 
(50 ft.) of booB 

Monitor booB dep1o>Mnt 



All boons deploy slaultane- 
ously; use conblnatlon of 
rotary and push-pull motloi 
(see Figure 2.2-14) 
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TABLE 2.2.6; 


ATL Task Completion Plans -- Mission Scenario No. 2 (continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 




ACTIVITY TITLE: 

Deploy ATL (Mission 11) Pallet Mounted ExperlsKint Subsystems 


Sheet 3 of 10 

TIME 

(Min.) 

StQ. 

FUHCTION AM) CR£V TASK 

SYSTEM/PAYLQAO 

SPECIAL REQKTS., 

CUM. 

TASK 

EVA CMl 

EVA CM2 

OTHER SUPPORT 

INTERFACES 

REMARKS. NOTES 

32.5 

2.5 

2.7 

Exchange positloiis with CM2 
and tether to structure 

Exchange positions elth CMl 
and Ingress workLSite 



Exchange tasks to avoid 
crew fatigue 

SI.O 

18.5 

2.8 

Conplett boon extension — 
deploy remaining 22.8 n. 

(75 ft.); remove and tether 
hand tool to EMU 

Rest; monitor boon deploy- 
ment 

Payload Station: acknow- 
ledge booms fully 
deployed 



S3.0 

2.0 

2.1 

Engage launch lock pin and 
egress Morkstation 

Confirm boema fully deployed; 
translate to equipment 
stowage 



Launch lock pin secures 
boom drive mecnanism In 
extended position 

57.5 

4.5 

MO 

Remove workstj>t1on and 
translate to aft Imaging 
radar (IR) antenna support 
structure 

Retrieve portable foot 
restraints, additional hand 
tool and translate to for- 
ward Imaging radar support 
structure 


Imaging radar/soarch 
and rescue experiment 
structure 


87.5 

57.5 









1.0 Position and deploy side looking mdtr (SLR) anteniwi (baglng Rider end 
Search and Rescue Aids experlaent) 



1.5 

1.5 

3.1 

Attach and deploy portable 
EVA Mrkstatlon it aft 
Imaging radar (IR) antenna 
support 

Attach foot restraints at 
forward IR antenna support 
worksite 



IR anterma structure 

One wertslte at base of 
each IR antenna support 
structure (see Figure 
2.2-15) 
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TABLE 2.2.6: ATL Task Completion Plans -- Mission Scenario No. 2 (continued) 


no 

no 




TASK ANALYSIS: TIMaiNES AND PROCEDURES 


Sheet 


of 10 


T!H£ 

[Min.) 

S£Q. 

FUNCTION WO CREU TASK 

SrSTEM/PAYLOAO 

SPECIAL k'EQMTS.. 

CUM. 

TASK 

TKA CM! 

EVA CK2 

OTHER SUPPORT 

INTERFACES 

REMARKS. NOTES 

4.5 

3.0 

3.2 

Ingreis »:rkstit1on and 
inspect ant.^nna for deploy- 
■ent status 

Ingress foot restraints and 
Inspect antenna for deploy* 
oent status 



Confirm antenna status 

5.5 

1.0 

3.3 

Releasa anttfma aft tilting 
launch lock 

Releasa antenna forward 
tilting launch lock 



Secures antenna In stowea 
position during launch and 
reentry 

12.0 

§.$ 

3.4 

Nemalty tilt SU tntwM 

Haaually tilt SIR aittma 

Pofloed Station: voice 
relay tIU position on 
scale 

SLR antme and hand- 
holds 

Use handholds provided on 
SLR antenna near eacn end; 
confirm position oy pi'Serv- 
Ing scale on each enc of 
antenna. 

13.0 

1.0 

3.S 

Anlcnsa antenna aft 
dnp1o)hHtrt launch lock 

Release antenna forward 
deployment lauech lock 


Launch leek 

Secur.s IR deplOQmef.t 
structure during l^Aiech 
and reentry 

14.0 

1.0 

3.1 

Attadi iMfid tool to 
antama aft deployntnt 
fMT MChaniBi 

Attach hand tool to antoua 
forwerd deployment gear 
■echanlM 


Antenna deployment yoar 
nechanlaa 


25.0 

12.0 

3.2 

Bnploy SLR antenna; 
coordinate ulth OC 

Deploy SIR iitteiwia; 
coordinate deployment irlth 
CM1 


i 

Use ernmamOtr talkback 
hy observing linear scale 
on each "telescoping" 
support during deployment 

28.0 

2.0 

3.1 

Confirm full axtonalon; 
rcwe and tether hand tool 
to DV 

1 

Confirm full extensloe; 
rsove and tether hand 
tool to EMU 
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TABLE 2.2.6: ATL Task Completion Plans -- Mission Scenario No. 2 (continued) 


ro 

I 

cn 


TASK ANALYSIS: TIMELINES AND PROCEDURES 


ACTIVITY TITLE: 

Deploy ATL (Mission 11} Pallet Mounted Experiment Subsystems 

■tIHt 1 

mn.) 

SCO. 

FUNCTKM MO CREW TASK | 

CUM. 

TASK 

EVA CMl 

EVA CM2 

OTHER SUPPORT 

29.5 

1.5 

3.9 

Unstow and Insert antenna 

Unstow and insert antenna 





retention pin (aft deploy- 

retention pin (forward 





aent nechanisa) 

nac nanism] 



33.0 

3.5 

3.10 

Egress and detach EVA work- 

Egress » detach and tether 

Payload Station: con* 




station; tether workstation 

foot restraints to EMU 

firm SLR In operational 




to EMU 



status 

36. S 

3.5 

3.11 

Translate to environmental 

Translate to equipment stowege 





effects experlwent with 

and stow hand tool 





EVA workstation and hand 







tool 




104.0 

36.5 








4.0 Deploy Enytronrnental Effects Experlutent (EEE) 

3.0 

3.0 

4.1 

Attach and deploy EVA 

See Tasks 5.0 and 6.0 





workstation at EEE work* 




1 



site 




7.5 

4.5 

4.2 

Ingress workstation and 



Payload Station: 




Inspect EEE for deployment 



acknowledge deployment 




status 


i 

status 


Sheet 5 of 10 


SYSTEM/PATLOW) 

INTERFACES 


Antenna deplo^tient gearj 
laechanlsM 


Handrails 


SPECIAL REMITS., 
REMARICS, NOTES 


JfiTSi TASKS 5.0 A» 6.0 ARE PERFOKWG) BY CM2 
AS CM1 IS PERF0RMIN6 TASK 4.0. 


Pallet stnictyre ai^ 
harulholds 


EEE structure 


Conftm operational status 
to Payload SUtlon 
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TABLE 2.2.6: ATL Task Completion Plans -- Mission Scenario No. 2 (continued) 

TASK ANALYSIS: TIMELINES AND PROCEDURES 


TIKE 

(Htn.) 

CUM. 

TASK 

44. S 

1.5 

148.! 

44.5 


3,0 


1.5 


4.5 


4.5 


2.5 


1 FUNCTION AND CREW TASK j 

1 EVA CMl 

EVA 012 

OTHER SUPPORT 

Translate 

site 

to task 7.0 work- 

) 



SYSTW/PAYLOW) 

INTERFACES 


Sheet 7 of J0_ 

SPECIAL REQKTS., 
REHAR»CS, NOTES 


Task 7 Is Lf<kr Me^sure^ 
went experlaent 


5.0 Remove end stow UY Heter Spectroscopy conUninatlon cover and vent experiment NOTE: TASK 5.0 IS PERfOfWED SIHL’LTAREOUSLY 
container WITH TASK 4,0, 


(Tasks 5.0 and 6.0 art 
perfonned slmulUneously 
with task 4.0) 


Tnnilate [with EV foot 
restraints) from equipment 
stOMqc to UY spectroscopy 
experliaent 


Attach foot restraints at UV 
spectroscopy worksite 

Ingress rtstraints and 
Inspect experiment 

Vent cofitamlnatlon container Payload Station: 

conflrei contamination 
container totally 
depressurized 

Attach cover tether and 
release contamination cover 
retaining latches 


UV spectroscopy hard- 
ware 


Refer to task sequence 
no. 3.11 


Confirm experiment 
external status 

Precautionary measure only 


UV spectroscofQ/ 
contamt nation coyer an 
latches 
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TABLE 2.2.6: ATL Task Completion Plans -- Mission Scenario No. 2 (continued) 


TASK ANALYSIS: TIMaiNES AND PROCEDURES 


ACTIVITY TITU: 


CUM. TASK 




EYA CHI 


a.5 S.6 Sm Uit 4.0 
2.S 5.7 
5.8 


Ilf M 


FUNCTION AND CREU TASK 


EVA CK2 


%tO 0 conu*1n*t1on cover in 
recepude and lock 

Inspect experinent for visual 
(UjM9e 

Nonitor during cxperlatfit 
ictivitlon 


RflMovt EV foot restraints 
and translait to Autoranus 
Havl 9 at 1 on experiment 


OTHER SUPWia 


Payload Station: coih 
fire experleent 
operational 


STSTEN/PATLOAD 

INTERFACES 


Sheet 8 of 1 0 


SPECIAL REQKTS.. 
REMARKS, NOTES 


6.0 Remove and stM Autoncnous Revigation contamination cover and release launch ROTE: TASK 6.0 IS PERFQR7€0 SDULTANEOUSIY 
locks WITH TASK 4.0. 


K5 6.1tSee Task 4.0 


Attach foot restnints at 
Autonomous Kavigatlon (AN) 
worksite 

Ingress foot restraints and 
inspect experiment 

Depress vent valve on 

Payload Station: 

contamination cover— bleed 

co^lrm ceetamliiatlen 

down If residual prtssure 

container totally 


Jeprtssurized 


Refer to task sei|uence 
no. 3.11 


AutonamoiiS Ravigatlon Ihrecautlofiery veasure only 























TABLE 2.2,6: ATL Task Completion Plans -- Mission Scenario No. 7 (continued) 


IT" 


TASK ANALYSIS; TIMELINES AND PROCEDURES 

/ICTiViTY TITLE; D*ploy ATI (Mission 11) Pallet Hounted Lxpertnent Subsystems 

TIME (M1n.)| FUNCTION AM) CACW TASK 

1 ^ SEQ. ■ I — — 1 — 

CUN. TASK EVA CM! EVA CN2 


OTHER SUPPORT 


SYSTEM/PA YLOU) 
INTERFACES 


Sheet 9 of 10 

SPECIAL REQKTS., 
REMARKS, NOTES 


2.S Task 4.0 


2.S i.S 


Z.S 6.6 


1.5 6,7l 


2.5 6.9 


1.5 6.9 


148.5 21.5 


Attach cover tether end 
release contuil notion cover 
retaining letches 

Stow conUalnetlon cever In 
receptacle and lock 

Inspect taperHKfvt for visual 

damage 

Release AM launch locks 


Monitor during enperlaent Payload Station: con* 
activation flm experlnent 

operational 

RflDove EV foot restraints 
and transkta to Lidar 
MoiiuroBent taper iMt 


Contaal nation cover and 
latches 


llaunch locks 


Secure AN experlnent hard- 
ware during launch and 
reentry 


7.0 Rcaeove and stow Ildar NeasurMnt cnntMlnitleii com and release launch locks 


1.5 1.5 7.1 Ksslst CM2 as regulred Attach foot restraints at 

Lidar Mcasurnnent (LM) 
experlnent 


Lidar Neasuronent 
experlnent structure 
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TABLE 2.2.6: 


ATL Task Completion Plans -- Mission Scenario No. 2 (continued) 


TASK AMALYSiS; TtACUNES AND PROCEDURES 




ACTum irru: 

ATI (Million 11) Pal 1ft £xf«r1atnt SubiyiUni 


Sheet 10 of 10 

TIME 

W..) 


fmcrioi AM) CRCM TASK 

ststem/paylmd 

SPECIAL REOMTS., 

CUM. 

TA5I 

SCO- 

cvA on 

m CM2 

OTHER SUPPORT 

IHTERfACES 

REMARKS, NOIES 

5.0 

3.1 

7.2 

lasHct txptrlMnt uiUrior 

In^rois foot roftralnti 




8.5 

3.S 

7.3 

%mm Ai abovt 

Otprott vont valvt; blood 
ctoHo If roiMoal ^rosiurt 

Payload Station: 
confira contaalnatlon 
container totally 
depressurized 


Precautionary oeasure 
only 

10.5 

U 

7.4 

Attirii c4BitMi1nstlM covir 
Ut8«r 

Molotfo cantooinatlofi covtr 
rttaloffig latchos 


Contavinatlen cover 


13.0 

2.9 

7.9 

Stow coataMiMtioii covar In 
r^captaclt and lock 

Inaooct oxoortant for visual 

dawifo 




U.5 

3.9 

7.4 

ialoaia LM launck locks 

Aipovo EV foot roitrtlnti 
and traniTato to oqulpaont 

ftOMfO 


Launch locks 


18. S 

2.0 

7.7 

Mofiitor dgriof txpcHvtnl 
activation 

Ingrtsf foot roitralnts and 
Itoo i(|ulMaont 


Equlpaent stwoge 
locker 


n.o 

1.1 

7.8 

Traitslatt to tqulpannt 

ftOM^t 

Closa and latch itowagt 
containtr 



Configure equipment 
stouage container for 
reentry 

a.o 

9.0 

7.9 

Monitor Payload Station 
esperlaent itaUii rtport; 
r«t 

Monitor Payload Statloo 
ixptrlMnt statui rv'port; 
rtst 

Payload Station: 
confira all experlaents 
operational 

! 


29.0 

4.0 

7.10 

Trafttlata to airlock and 
lug roil 

Translato to airlock and 
Ingress 


Handrails 

EVA OPERATIOfiS COMPLETE 

177.5 

29.0 


j 

- 




TOTAL 
m TIKE 


total rVA TIME: 2 hri.. 58 min. 



1 
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fWND TOOL 
INTERFACF 


BOOM EXTENSION 
AND RETRACTION 
MECHANISM 


CANISTER DEPLOYMENT 
GEAR BOX 


BASE ATTACHED 
TO PALLET 


BOOM CANISTER 
(LAUNCH POSITION) 


BOOM DEPLOYMENT 
GEAR BOX 


CANISTER 
SUPPORT ■ 


HANDRAIL 
(2 REQ'D) 


LAUNCH 
LOCK PIN 


LAUNCH LOCK 


SECTION B-B 


EVA TOOL 
INTERFACE 


FIGURE 2.2-14: ATL Interferometer Experiment Manual Deployment Hardware Concepts/Interfaces 
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• Sufficient experiment lighting is provided by the Orbiter to 
perform ATL EVA tasks. 

• Portable foot restraints are provided for each EVA crewman. 

• Tools are stov/ed in a locker attached to the experiment pallet. 

• Two qualified crewmembers are available for conducting EVA. A 
third crewmember is available to perform minimal Payload Station 
experiment supporting functions and to monitor EVA operations 
(if required). 

• Hardware concepts and crew interfaces were developed by the study 
contractor for procedures development only and are not intended to 
influence final component design. 
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2.3 LOW COST MODULAR SPACECRAFT 
2.3.1 Introduction 

The Low Cost Modular Spacecraft (LCMS) program provides the basis for a 
family of modular spacecraft satellites to be placed in orbits of various 
inclinations and altitudes. The low-cost standard hardware will comprise 
much of each satellite. Among other features, the design of the hardware 
will provide for on-orbit servicing by changeout of supporting subsystem 
assemblies. These system features, in association with Orbiter-based 
equipment and operational techniques, will permit on-orbit satellite 
maintenance and updating. 

The satellites that result from the LCMS development will be used for 
various earth observations, including surveying and monitoring of 
terrestrial resources, identification and monitoring of surface and 
atmospheric pollutants, understanding of the physical behavior of the oceans 
and development of global v/eather forecasting and weather modification 
techniques. 

A Special Note; During the development of the contract final report, 
the Low Cost Modular Spacecraft (LCMS) payload nomenclature was revised. 

In late 1975 the LCMS payload discipline terminology was changed to 
Multimission Modular Spacecraft (MMS). Therefore, the reader should 
make the correlation when reviewing this document. 


2.3.2 Objective 

The objective of the LCMS development is to produce a complement of 
standard subsystems capable of fulfilling common requirements of many 
missions. Each mission will naturally impose different requirements on 
the spacecraft which v/ill be handled by a combination of mission unique 
hardware and software. The basic spacecraft structure and the Power, 
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Communications and Data Handling (C&DH) and Attitude Control System (ACS) 
modules, as shown by Figure 2.3-1, require no modification as the mission 
unique functions are added to the spacecraft. 

2.3.3 Operational Modes 

Three LCMS/Orbiter operational modes are planned, none of which include 
planned EVA. 



EXPERIMENT 
MODULE (MISSION 
UNIQUE) 


MISSION 

ADAPTER 

TRANSITION 

ADAPTER 

C & DH MODULE 


ANTENNA 


POWER MODULE 

VEHICLE 

ADAPTER 


SOLAR ARRAY 


FIGURE 2.3-1: REPRESENTATIVE LCMS CONFIGURATION 


2.3-2 


/VfC^O/V/V £■£.!_ DOUGLAS 




/ 




SPACE SHUTTLE EVA 


MDC wool 4 
2 JUNE 1976 


The first mode of operation is Orbital Delivery, illustrated by Figure 2.3-2. 
The LCMS is carried into orbit in a retention cradle located in the Shuttle 
payload bay. After the payload bay doors have been opened, the LCMS is 
released from a retention cradle and erected for systems checkout. De- 
ployment away from the Orbiter is accomplished by use of the RMS, after 
which the Orbiter maintains a stationkeeping attitude until satisfactory 
operation of the LCMS has been verified. To complete Mode 1 the Orbiter 
deorbits and lands while the LCMS is placed in an operational orbit. The 
major components of the LCMS, payload retention fixtures and module ex- 
change equipment are described later in the document. 

Mode 2 is Orbital Servicing, Figure 2.3-3. The Orbiter, carrying replace- 
ment modules and subsystems, rendezvous with the LCMS in a servicing orbit. 
After capture by the RMS, the LCMS is attached in a vertical position to a 
positioning platform in the payload bay for module replacement. A rotary 
module magazine (MM) located in the aft portion of the payload bay presents 
replacement modules at the proper time to a Module Exchange Mechanism (MEM). 
The exchange mechanism removes the old module from the LCMS and stows it 
temporarily, removes the new module from the magazine and installs it in 
the LCMS. The old module is then stowed in the module magazine. The re- 
mainder of Mode 2 is identical to Mode 1. 

The third mode is Spacecraft Retrieval, Figure 2.3-4. The Orbiter, contain- 
ing a retention cradle and positioning platform, completes a rendezvous 
with the LCMS and captures it with the RMS. The LCMS is then docked with 
the positioning platform, rotated into the payload bay and attached to the 
retention cradle. After payload bay door closure, the Shuttle deorbits and 
lands, thereby returning the LCMS for ground servicing. 

2.3.4 Program Elements 

As indicated by Figure 2.3-5, three distinct elements must work in consort 
to achieve mission goals. These elements are: 
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LCMS TO 

OPERATIONAL 

ORBIT 



OPEN RETENTION CRADLE 
AND ERECT LCMS 





DEORBIT AND LANDING 


FIGURE 2.3-2: ORBITAL rELIVEP.Y (MODE 1) 
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OPERATIONAL ORBIT 


SERVICING ORBIT 





LAUNCH, RENDEZVOUS 
AND STATION KEEPING 


RETENTION 

CRADLE 




*CAP1^R^^ 
WITH RMS 


LCMS ATTACHED TO 
POSITIONING PLATFORM 


MODULE 

MAGAZINE 

LCMS 

SERVICING 


OPTIONAL 

CONTINGENCY 

RETRIEVAL 



STATION KEEPING 




MODULE 

EXCHANGE 

MECHANISM 



TO OPERATIONAL 
ORBIT 


DEORBIT 

AND 

LANDING 


FIGURE 2.3-3: ORBITAL SERVICING (MODE 2) 
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LAUNCH, RENDEZVOUS 
AND STATION KEEPING 


BERTH AND INSTALL 
IN RETENTION CRADLE 


LATCH RETENTION 
CRADLE AND CLOSE 
PAYLOAD BAY DOOR 


DEORBIT AND LANDING 


FIGURE 2.3-4: SPACECRAFT RETRIEVAL (MODE 3) 
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FLIGHT 

SUPPORT 

SYSTEM 


LOW COST 
MODULAR 
SPACECRAFT 


PAYLOAD 
RETENTION & 
POSITIONING 
SYSTEM 




POSITIONING 

PLATFORM 


SPECIAL 

PURPOSE 

MANIPULATOR 

SYSTEM 


REPLACEMENT 

MODULES 



MODULE 

EXCHANGE 

MECHANISM 


MODULE 

MAGAZINE 


FIGURE 2.3-5: Program Elements 
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• Low Cost Modular Spacecraft (LCMS) 

« Flight Support System (FSS) 

• Orbiter Support Systems 

2.3.4. 1 Low Cost Modular Spacecraft 

The baseline LCMS configuration contains three subsystem modules supported 
by a module support structure, which is common to a family of Earth 
Observatory Satellites (EOS). Mission unique features adapt the spacecraft 
to specific missions by adding special purpose subsystems. Some of the 
mission unique features are the solar arraySs solar array drive system, 
antennas, booms, experiment modules, propulsion modules and a mission 
adapter (Ref. Figure 2.3-6). 

2. 3. 4. 1.1 Subsystem Modules 

The three subsystem modules (Attitude Control System Module, Power Module, 
and Communications and Data Handling Module) are physically the same size. 
Figure 2.3-7. All equipment is internally mounted on a baseplate that 
interfaces with the module radiator for heat rejection. Guides are provided 
on each side of the module to mate with the resupply rails on the module 
support structure for module replacement (Ref. Figure 2.3-6). The resupply 
latch mechanisms provide the necessary forces to engage or withdraw the . 
attachment points and the electrical connectors associated with each 
module. 


2. 3. 4. 1.1.1 Attitude Control Subsystem Module - The purpose of the Attitude 
Control Subsystem is to orient and stabilize the spacecraft relative to 
a desired target. The basic ACS configuration is fixed for all mission 
types except geosynchronous orbits in which the magnetometer and magnetic 
torquers can be deleted. The balance of configuration offtions. relates to 
reliability improvements through redundancy. The baseline ACS module has 
a total weight of 119,8 kg (264 lbs.) vs, 150.6 kg (332 lbs.) for the fully 
redundant configuration. 
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2. 3. 4. 1.1. 2 Communications and Data Handling Subsystem Module - The 
Communications and Data Handling Subsystem provides a means for ground and 
on-board control of all spacecraft and sensor functions and for retrieval 
of observatory data. This subsystem consists of the Conmuni cati ons 
equipment (RF transmitters and receivers} and data handling equipment 
(coimiind group, telemetry group and an on-board computer). The baseline 

C 6 DH module weight i . 76.7 kg. (169 lbs). A fully redundant configuration 
is achieved by adding a second NSSC-1 computer for a total module weight 
of 90.3 kg. (199 lbs. ) . 

2. 3. 4-1. 1.3 Power Subsystem Module - The standardized power subsystem 
module is used in conjunction with mission unique solar arrays to 
accotimodate a large number of missions at all orbit altitudes including 
geosynchronous. The module contains batteries, battery charger, decoders, 
multiplexers, a signal conditioner and ancillary equipment items. The 
baseline configuration, containing two 20 ampere-hour batteries, weighs 
120.7 kg. (266 lbs.), while the fully redundant configurations contain 
three 50 ampere-hour batteries for a total weight of 236,8 kg. (522 lbs.). 

2.3. 4.1.2 Module Support Structure (MSS) 

The module support structure is the basic structural component of the LCMS. 
Its purposes are to provide structural continuity when all modules are 
not in place, to provide a universal mounting bracket for el ectrical 
connectors and harnesses, to mount non-resuppliable hardware, and to 
interface with the subsystenr module resupply latch mechanisms. 

Key features of the module support structure are (Figure 2.3-8).* 

• Base adapter - contains lower subsystem module resupply 
rails and provides interface.points for the FSS 
posit! -ning platform- 
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• Transition adapter - contains upper subsystem module 
resupply rails, the Shuttle capture drogue to interface 
with the RMS, three trunnion pins to interface with the FSS 
retention cradle and provide a base for attachment of 
experiment modules (payloads). 

• Basic structure - contains subsystem module latch mechanism 
fittings, resupply guide pins and the connector bars for the 
resupply electrical connectors. 

2. 3. 4.1. 3 Propulsion/Actuation Module (PAM) 

The propulsion/actuation module is a versatile unit that can be adapted 
to a wide range of spacecraft missions. It is defined as "mission 
unique" because most of the missions being considered for the modular 
spacecraft have different propulsion requirements. However, these 
requirements can be met by the four configurations shown in Figures 2.3-9 
through 2.3-12. 

Configuration I is the basic spacecraft propulsion system (i.e., SPS I) 
which provides only reaction control and orbit adjust. SPS I has a total 
impulse capability of 5.4 x 10^ N~sec (12,000 Ibf-sec). 

Configuration II uses SPS I integrated with large reaction wheels and 
magnetic torquers to handle very large payloads. 

Configuration III features a larger propulsion system using SPS II, which 
has a total impulse capability of 10.3 x 10^ N-sec (230,000 Ibf-sec) and 
can be used for orbit transfer, orbit adjust and reaction control. 

In Configuration IV the large reaction wheels and magnetic torquers are 
integrated with an SPS II to provide maximum capability. 
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All of the configurations may be attached to the lower portion of the 
module support structure. Configuration I is compatible with the Delta 
launch vehicle adapter. It will fit inside the empty volume of the 
lower portion of the module support structure and the launch vehicle 
adapter, Ftgure 2. 3-^13. Conftgurattons II, III, and IV are Shuttle Orbiter 
configurations and are not restrained by a Delta launch vehicle adapter. 
Although they have the same basic LCMS attach points, their lengths and 
diameters are not restricted. All of the configurations, however, are 
reserviceabl e since they are self-contained, and the only interfaces are 
rudimentary electrical and mechanical connections. 

2. 3. 4. 1.4 Mission Unique Features 

The objective of this modular spacecraft development is to produce a 
complement of standard subsystems capable of fulfilling cotmion requirements 
of many missions. Each mission will naturally impose different 
requirements on the spacecraft which will be handled with a combination 
of mission unique hardware and software. It is important to note that 
the module support structure and the Power, C & DH, and ACS subsystem 
modules require no modification as mission unique functions are added 
to the spacecraft. 

The mission unique features include a varity of solar arrays, antennas, 
experiment modules and adapters and propulsion modules. 

2. 3. 4. 2 Flight Support System 

The Flight Support System (FSS) consists of the payload retention and 
positioning system (PRPS) and the special purpose manipulator system 
(SPMS) located as shown in Figure 2.3-14, Each item of FSS equipment 
is mission peculiar and is ground installed as required to support the 
LGMS mission. For example, only the PRPS would be required for an LCMS 
delivery mission; while a refurbishment mission would require both the 
PRPS and the SPMS. 
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2. 3. 4. 2,1 Payload Retention and Positioning System 

The PRPS includes tv/o major structural items: (1) retention cradle and ^ 

(2) positioning platform, plus the support subsystem identified in 
Figure 2.3-5. 

• Retention Cradle . In order to provide the structural support 

of the LCMS in the Orbiter cargo bay, a structural bridge ; 

between the Orbiter structure and the transition adapter 
on the module support structure of the LCMS is required. 

This function is provided by standard Orbiter fittings 

supporting a retention cradle structure which latches 

in turn to trunnions on the transition adapter. Figure 2.3-15 

illustrates two concepts for the retention cradle. One ' 

has the capability to hold two LCMS in a side-by-side 

arrangement thus permitting a dual launch or retrieval v/ith i 

a minimum demand for cargo bay length. The bay could thus ] 

be utilized for other payloads which would share the 

transportation costs. The other cradle has the capacity 1 

to carry a single LCMS. For both the dual and single 

installation the LCMS is held by two electrically actuated > 

latches, similar to the Orbiter standard latch, which react 

the loads in the X- and Z-axes. A pin on the lower center- 

line of each LCMS transition adapter reacts X- and Y- axial | 

loads into a receptacle in the cradle. j 

I 

Horizontal and vertical loads are transmitted to the Orbiter i 

longeron bridge fittings for reaction by the two attachment 

fittings on the sides of the cradle structure. Horizontal - 

and lateral loads are transmitted to the Orbiter keel bridge 

fitting for reaction by an attachment fitting on the bottom 

of the cradle structure. 
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9 Posltionincj Platform . The Positioning Platform (PP), 

Figure 2.3-16, provides a number of functions for the 
operations of the FSS as follows: 

a The docking mechanisms provide the hard dock with the 
LCMS required to retain and position the LCMS while 
it is extended from the payload bay. Payload checkout 
can be accomplished while the LCMS is attached to the 
PP after extension from the cargo bay. 

• The extend and retract movement and the rotation of 
the LCMS about its longitudinal axis to permit access 
for the remove and replace operations are provided 

by the 90-degree lift and the rotation mechanisms. 

9 After stowage of the LCMS in the retention cradle, 
it is necessary to retract the docking latches to 
decouple the load path between the LCMS and the PP to 
ensure that all loads are carried through the cradle. 

• The forward end of the module magazine is supported 
by the lateral member of the PP support structure. 

• The vertical support members of the module exchange 
mechanism are supported at three attachment points 
on the PP support structure. 

• The RMS operator will have the option of selecting 
any two docking mechanisms for intital contact and 
then rotating the LCMS to seat the third probe. 

2. 3. 4. 2. 2 Special Purpose Manipulator System 

The Special Purpose Manipulator System (SPMS) is part of the Orbiter 

Flight Support System (FSS) for the in-orbit operations of refurbishment 
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and resupply of the LCMS family of satellites. The SPMS flight configuration 
is shown in Figure 2.3-17 supported by the positioning platform as it would 
be installed in the Or biter payload bay. 

The basic functions of the SPMS {once the LCMS has been docked to the 
Orbiter and prepared for refurbishment) consist of: 

• Indexing the module storage magazine to the appropriate 
orientation, 

• Unlatching and removing the replacement modules from the 
magazine. 

(* Unlatching and removing the used modules from the satellite. 

• Interchanging the new and used modules and placing them in 
the satellite and storage magazine. 

• Locking the modules into their respective locations. 

• Returning to its stowage position in the orbiter bay. 

The SPMS includes: (1) Module Exchange Mechanism (MEM) and (2) Module 
Magazine (MM). 

• Module Exchange Mechanism . The MEM transports the new and used 
modules (subsystems) between the module magazine and the LCMS 
location and operates the resupply latch mechanism that secures 
the modules to LCMS or MM structure, Figure 2.3-18'. 

The MEM is a four degree-of- freedom manipylator system with 
three translational degrees of freedom in the orthogonal 
(X, Y, Z) coordinate system of the Orbiter vehicle. The fourth 
degree- of- freedom (DOF) is rotation about the Y-axis in the 
coimon plane of symmetry of the Orbiter, MM, MEM and the LCMS. 

The fourth DOF allows the interchange of locations of the new 
and used modules during the module exchange sequence and allows 
for minor angular adjustments in the most critical (X, Z) 
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direction during module insertion. 

The MEM consists of: 

- Two vertical telescoping columns which move the modules 
parallel to the LCMS axis once it has been attached to 
the PP. 

- Two fixed length rails mounted on top of the columns. 

- A trolley that moves along the rails carrying the terminal 
device. 

- A double-sided terminal device that attaches to and 
transports the modules. 

* Module Magazine . The MM provides storage of re-supply modules 
for the LCMS. The MM must accommodate a wide range of subsystem, 
propulsion/actuation, and experiment modules, since the module 
contingent will vary for each mission. The MM and the MEM are 
positioned within the space between the PP and the QMS kit and 
must provide access to each of the modules. Module access is 
provided by rotating the MM, Figure 2.3-19, 

In order to determine which LCMS refurbishment tasks can be accomplished 
by EVA, it is necessary to define the requirements placed on the SPMS for 
task accomplishment, then compare those specifications with the EVA 
capabilities found in Volume I, Section 3. Table 2.3,1 defines the SPMS 
specifications. 

2. 3.4. 3 Orbiter Support Systems 
2.3.4. 3.1 Cargo Bay Interfaces 

Flight Support System (F5S) Installation in Cargo Bay. The baseline 
stations for the FSS components are as follows {Ref. Figure 2.3-14): 
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TABLE 2.3.1: SPM System Specification 


1. 

Cl assi fi cati on 

High force, high precision orthogonal axis 
module exchange system, man-in-the-loop 

2. 

Worki ng stroke 

3.30 m (130 in.) in X-axis 
5.44 m (214 in.) in Z-axis 
1.02 m (40 in.) in Y-axis 

3. 

Tip force 

T36 kg (300 lb) through .46 m (18 in.) travel 

4. 

Stiffness of structure 

41 kg/cm (230 Ib/in. ) (at full extension) 

5. 

Precision (no load) 

±0,64 cm (±0.25 in.) 

6. 

Speed of operation 

2,54 cm/sec (1 in. /sec) (unloaded) 

0.25 cm/sec (0.10. in. /sec) module engage 
under 136 kg (300 lb) load 

7. 

Stopping distance 

0.64 cm (0.25 in.) at 2.54 cm/sec (1 in. /sec) 
with 408 kg (900 lb) mass 

8. 

Dexterity and control 

4 DOF, force feedback control, visual 
position sensing 

9. 

Storage capacity 

Up to 9 subsystem and experiment modules 

10. 

Weight 

1288 kg (2840 lb) 

11. 

Operational power 

250 watts 

12. 

Cycle time 

15 minutes nominal 

13. 

Flight environments 

Shuttle launch and orbit 

j 
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2. 3. 4. 3. 2 Pressurized Compartment Interfaces 

Control Panel Envelope; The man-machine interface for those operations 
associated with deploymentj retrieval, and refurbishment of the LCMS is 
performed using control panels located in the pressurized compartment. 
Presently these control panels are located in the Payload Station 
(PS) In the aft portion of the flight deck v/ith the majority of 
the space on the minus Y side of the cabin as shown in Figure 2.3-20. 

The PS will have the standard provisions for an Orbiter avionics keyboard 
and Cathode Ray Tube (CRT) from which pages of command/control data stored 
in the computer can be displayed. 


Control System Definition: The control system provides the interface 

between the operator and the module exchange mechanism and can vary from 
a fully automated system, in which only the modules to be exchanged are 
selected, to a manual control system in which the operator directly 
controls every step of the exchange sequence. 


2. 3.4. 3. 3 Ancillary Orbiter Support 

The LCMS/FSS concept is one where the command and control of the LCMS/FSS 

is accomplished from dedicated control panels at the PS and from the 

ground. As such the Orbiter primary function is to provide the launch 

platform and the environment from which necessary orbit operations can 

be performed. These include the necessary mechanical support, the 

electrical power for deployment/ refurbishment, the wiring between the cargo 

bay bulkhead to the patch panel in the pressurized compartment, the space 

* 

for mounting dedicated equipment, etc. The support which the Orbiter 
can provide in the areas of data processing, external communications, 
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trackings display, television, etc. is defined as ancillary support. 

The capabilities which the Orbiter is providing in these areas are 
described as follows: 

• Comnianda Control and Data Interfaces: The Orbiter provides 

major ancillary support in the command, control , and data 
for payloads Which are attached or detached. 

# Communications; The communications support the Orbiter can 
provide the LCMS includes the functions of data transfer, 
tracking, voice communications, EVA communications (if required), 
and television. 

■t Electrical Power: The Orbiter will provide 50 kwhr of electrical 

energy for payload usage. With the addition of mission kits, 
chargeable to the payload, additional cryogenics can be provided 
to allow an additional 840 kwhr of energy. 
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2.3,5 LCHS EVA Task Description 

2.3.5. 1 Planned EVA 

All required tasks for deployment, retrieval, inspection and repair of the 
LCMS are currently planned to be accomplished through use of the FSS, RMS, 
and TV systems. Therefore, EVA is not a planned activity for the LCM> 
program. 

2. 3.5. 2 Unscheduled and Contingency EVA 

Unscheduled or contingency EVA is recognized as a viable approach to solving 
problems associated with the LCMS and its: interfacing equipment and systems. 
An analysis of the Low Cost Modular Spacecraft reveals a number of situations 
where damage to or malfunction of automatically actuated systems could limit 
mission success, and in certain cases cause loss of vehicle and necessitate 
crew rescue. A malfunction in the docking release mechanism and rotation 
mechanism leaves the LCMS extended from the payload bay and attached to the 
positioning platform. A malfunction of the module exchange mechanism while 
inserting or removing a module from the LCMS or the module magazine would 
prevent payload bay door closure. A variety of minor problems, each capable 
of being solved via EVA, could limit refurbishment mission success. Table 

2.3.2 lists potential unscheduled and contingency EVA tasks. 

2. 3,5. 3 Potential Planned EVA 

Potential planned EVA may be defined as candidate EV operations that could 
be performed if the man-machine interfaces were designed for on-orbit EVA 
servicing and operations. The replacement of subsystem modules, erection and 
deployment of antennas and solar arrays, and stowage/retrieval of replace- 
ment modules should be considered as prime EVA tasks, thereby allowing a re- 
duction in FSS cost, weight and complexity. Table 2.3.2 lists potential 
planned EVA tasks. 
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TABLE 2.3.2: LCMS EVA Task Identification 


ro 

CO 
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cn 
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UNSCHEDULED EVA 

CONTINGENCY EVA 

POTENTIAL PLANNED EVA 

LGMS 

LCMS 

LCMS 

a Release and deploy antenna 

• Release and jettison solar array 

• Unstow ) attach and erect 

• Fold and stow antenna 

• Disengage and stow antenna 

solar arrays 

• Detach and stow solar arrays 

• Release and deploy solar 

• Unjam replacement module blocking 

• Remove and replace subsystem 

arrays 

MM or MEM and jettison 

modules 

• Fold and stow solar arrays 

• Deploy LCMS (using RMS) 

• Remove and replace propulsion 

0 Undam deployment mechanisms 
• Release trunnion pins from 

• Jettison LCMS 

• Disconnect electrical cables 

module 

» Remove and replace experiment 
raodiil es 

RC cradle latches 
• Inspect for potenti al ser- 

• Disengage damaged LCMS from RI'1S 
and stow/ j ettison 

• Retrieve/ deploy LCMS 
(using RMS) 

vicing and repair 
•Retrieve unstable LCMS 

• Deploy LCMS (using RMS) 
•Free jammed RMS end effector 

• Remove debris 

a Connect/ disconnect el ectri- 
cal cable (s) 

FLIGHT SUPPORT SYSfEM 
• Work station deployment, use and 

FLIGHT SUPPORT SYSTEM 

8 Connect/disconnect power 
umbiTicals 

• Unstow/ stow, erect and use 
portable work stations 

•Dock LCMS to fixed position- 

• Free jammed attachment 
fittings 

stowage 

ing platform in P/L bay. 
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TABLE 2*3.2; LCRS EVA Teisk Identification (aontinuecl) 


UNSCHEDULED EVA 

CONTINGENCY EVA 

POTENTIAL PLANNED EVA 

• Portable light placement 

9 Camera placement 

« Monitor operations 

9 Override module resupply 
latch mechanism 

FLIGHT SUPPORT SYSTEM 

s Mate/release LCMS docking 
probe with PP docking 
mechanism 

9 Rotate LCfiS/PP from/ in to 
P/L bay 

e Rotate PP to position 
module for SPHS/LCMS 
refurbishment operation 

• Unjam HEM and stow 

9 Realign modules and MEM 

» Unjam module from MM 

e Manually rotate MM for 
module access 

« Rotate PP into P/L bay 

i Release and jettison PP 

• Retract and stow MEM 

e Release and jettison HEM 

• Release partially inserted 
module from LO^IS to allow 
HEM stowage 

9 Release partially inserted 
module frcmi MM and stow or 
jettison 

, 

9 Release and jettison MM 

1 s Disentangle K^S from damaged 
LCMS and stow 

• Jettison entangled Rf-lS and LCMS 

• Eliminate the MM, using pallet 
storage instead 

• Unstow, transfer and install 
new modules on LCMS 

• Transfer and stow spent 
modules on pallet 

e Eliminate HEM, using the KiS 
with EVA assist instead 
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2. 3.5.4 Task Definition 

Analysis of the LCMS payload resulted in the identification of representative 
tasks within the capabilities of the EVA crewman and support system tech- 
nology. The tasks listed in Table 2.3.2 are typical of the twelve classifi- 
cations described in Table 2.2.1 and require specific sub-tasks for comple- 
tion. The tasks are intended to illustrate a significant range of EVA 
capabilities available to the payload community and not a critical desigp 
review of the payload or associated support systems. EVA task outlines are 
developed in the following subsections to define major task requirements, 
sub-task classification, and ancillary information. Typical EVA tasks are 
selected to develop representative EVA mission scenarios, Preliminary pro- 
cedures and timelines are developed for each scenario in subsequent sections 
of this report. 
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2.3.6 LCMS EVA Mission Scenarios, Timelines and Procedures 

Since no planned LCMS EVA operations are currently identified, three 
hypothetical EVA missions are defined by selecting tasks from Table 2.3.2 and 
combining the tasks to develop typical payload servicing missions. LCMS EVA 
Mission Scenario's No. 1 and 2 assume credible malfunctions or anomalies re- 
sulting in inoperative payload systems, flight support systems equipment, or 
Orbiter support equipment, including failures in more than one area, LCMS 
EVA Mission Scenario No. 3 represents payload operations in which the EVA 
mission replaces several of the currently baselined automated functions. 
Payload modification and deletion of automated subsystems would be required, 
Further study is recommended to introduce a manual LCMS payload servicing 
method, via EVA, with emphasis on reduction in payload development, launch 
and servicing costs. 

2.3.6. 1 LCMS EVA Mission Scenario No, 1 - Deploy Payload 

LCMS EVA Mission Scenario No. 1 is based on a selection of unscheduled EVA 
tasks from Table 2.3,2. This hypothetical EVA mission assumes malfunction 
of flight support system components and associated Orbiter equipment items 
that prevent payload deployment by the primary method. Two EVA crew members 
are required to perform the necessary operations to effect payload deploy- 
ment. The deployment operations include: 

1) Portable light placement 

2) Inspect and diagnose 

3} LCMS release (from retention cradle) 

4) Deploy LCMS (using RMS), with EVA visual direction of deployment task 

5) Solar array deploy - manual 

6) Free jammed RMS end effector 

7) Complete LCMS deployment. 

The major tasks involved and task performance rationale are contained in 
Table 2.3.3. 
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TABLE 2.3.3: LCMS EVA Tasks--Mission Scenario No. 1 
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TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 




DEPLOY PAYLOAD 

'X/ 

Perform a two-man "unscheduled" EVA to 
deploy the LCMS and its subsystems to 
complete the Shuttle mission 

FSS power loss, debris jam, and 
actuation mechanism malfunction 
necessitate EVA for mission 
completion ^ 

1. PORTABLE LIGHT 
PLACEMENT 



• Egress airlock and 
translate to tool 
stov/age 

Crew translation using handrails along 
payload bay 

Requires crew mobility aids to 
tool stowage. RC heater power 
must be "OFF" 

• Unstov/ tool kit 
and portable 
lights 

Retrieve tools and support equipment 

Standard Orbiter tools required 

■ Transfer equip- 
ment to worksite 

Hand carry equipment to worksite 

Equipment tethered to translating 
crewman 

• Install portable 
lights 

Attach, connect and activate lights 

Required to illuminate latch 
release area 

2. INSPECT/DIAGNOSE 



• Inspect RC/LCMS 
interface 

Inspect trunnion pin/RC latch assembly 
for damage, debris or misalignment 

Crew tether point required 

• Monitor LCMS 
release attempt 

Cycle latch mechanism via switch on 
Panel A7 as a trouble-shooting 
technique 

Tethered EVA crewen to monitor 
unlatching attempt 
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TABLE 2.3.3: LCMS EVA Tasks — Mission Scenario No. 1 (continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW ' 

RATIONALE/REMARKS 

• Diagnose problem 

Determine cause of malfunction and 
repair method 

EVA crevvman identifies specific 
tool requirements and defines 
plan 

3. LCMS RELEASE 



e Remove tools from 
tool kit 

Unstov/ tools and attach tethers 

Tools required: Loop pin removal,’ 

tool, adjustable wrench, hammer 
and pry bar 

9 Disconnect and 
release RC latches 
from LCMS trunnion 
pins 

Remove latch hinge bolt pin, remove 
nut, drive bolt from hinge, pry hinge 
av/ay from trunnion pin and stow all 
loose parts 

One each, port and starboard sides. 

4. DEPLOY LCMS 



8 RMS deploy 

Remove from RC and deploy approx. 
7.6m (25 ft) from Orbiter 

Operated from Qrbiter payload 
station 

9 EVA visual 
direction and 
operations 
monitor 

Verify actual removal from RC at 
trunnion pin/latch interface 

EVA crevmien remain in P/L bay 

5. SOLAR ARRAY 
DEPLOYMENT 



» Direct RMS 
positioning 
of LCMS 

i 

Identify proper positioning of LCMS 
for manual release of solar array 

LCMS to be in proximity of P/L 
bay, in a vertical position 
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TABLE 2.3.3; LCMS EVA Tasks~-Mission Scenario No. 1 (continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/ REMARKS 

• Don and check- 
out HMU ' s 

Each EV crevmian must translate to the 
MMU station, don and check-out HMU and 
prepare for EVA outside the P/L bay 

MHU's required for translation to 
and from worksite outside P/L bay 

i Translate to 
worksite and 
attach tethers 

Hand carry tools to v;orfcsite, attach 
tethers and prepare for array release 

Tools required are: Metal shears, 
pry bar and 3/8" drive socket set 

• Release array 
restraint 
mechanism 

Remove cover bolts, shear portion 
blocking release pin, pry pin free 

Release mechanism must be free to 
allow array to deploy 

• Monitor deploy- 
ment operation 

Release tethers, translate to P/L 
bay floor and monitor deployment 

EVA crevmien to remain in general 
proximity until deployment has 
been achieved 

6. FREE JAMMED 
RMS END EFFECTOR 



* Translate to 
RMS end effector 
area 

Translate to LCMS. Attach tethers. 
Survey end effector problem and 
identify repair plan 

MMU required for translation to 
worksite 

• Cut/pry material 
from end effector 
attachment 

Debris must be trimmed and removed 
to permit end effector release 

Tools required are: Shears and 

pry bar 

t Translate to 
trunnion pin area 
of transition 
adapter 

Stabilize LCMS and monitor end 
effector release. Assist as required 

RMS to be stov/ed after end effector 
rel ease 
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TABLE 2.3.3; LCMS EVA Tasks— Mission Scenario No. 1 (continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 




7. LCMS DEPLOYMENT 


- 

§ Move LCMS to 

Two EVA crewmen to translate with LCMS 

After tether release, EVA crewmen 

approx. 7.6 m 

to release site, properly orient the 

to perform fly around inspection 

(25 ft) from 

payload and release it in a stable 

of LCMS and return to Orbiter 

Orbiter, position 

condition 


and release 



9 Transfer tools 

Return tools to tool kit. Detach and 

First crewman to stow tools. 

and portable 

disconnect portable light. Return 

second crewman the portable 

lights to 
stowage area 
and stow 

all equipment to stowed position 

1 i ghts 

9 Translate to MMU 

Return MMU*s to stowage area, doff. 

Requires both EV crewmen 

stowage area and 
stow MMU's 

stow and recharge, if required 

• Translate to 
airlock and 
ingress 


TASK COMPLETE 
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2. 3.6. 2 LCMS EVA Task Completion Plans - Mission Scenario No, 1 

The LCMS EVA task completion plans provide a preliminary set of procedures 
and timelines to demonstrate that the selected EVA payload tasks can be 
accomplished by application of the Shuttle EVA system. The task completion 
plans delineate major elements of the EVA mission and the extravehicular mis- 
sion support requirements including number of crewmen, EVA mission time, 
translation aids and location, restraints, tools and crew safety concerns. 

Preliminary timelines and procedures developed for mission scenario no. 1 
are provided in Table 2.3.4. Assumptions associated with the mission scenario 
include the following: 

• Sufficient mobility aids (handholds, handrails) are provided by the 
payload and/or Shuttle Orbiter to access the LCMS/PP from the 
airlock, 

■ Realizing the possible requirement for an unscheduled EVA, crew 
mobility aids are provided by the payload for access to each LCMS 
associated area. 

• Since design details were not available for many of the LCMS sub- 
systems, conceptual designs were developed by the contractor to 
implement procedures development. 

t Two qualified crewmen4>ers are available for conducting EVA. A 

third crewmember is available to perform minimal Payload Station (PS) 
EV supporting functions. 

The LCMS mission scenario no. 1 is predicated on the necessity to override 
non-operating automated systems to release, activate and deploy the LCMS. 

The EVA begins as an unaided EVA, as shown in Figure 2.3-21, and is completed 
via EVA with the MMU. EVA operations are depicted in Figures 2.3-22 through 
2.3-24. 
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TABLE 2.3.4: LCMS EVA TASK COMPLETION PLANS-HISSION SCENARIO NO.l 
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1 TASK ANALYSIS: TIMaJNES AND PROCEOUHES 




ACTIVITY TITLE: 

0EM.W PAYLOW 


MODE: UNAIDED EVA and EVA MllW MMU 

Slieet 1 of 6 

TIME 


sq. 

fmim MO OKEIf TASK 1 

SrSTDl/PAYtOM 

SPECIAL REqKTS., 

CUM.. 

TASK 

EVA Cfn 

EVA Dt2 1 

OTHEA SUPPORT 

IHTEifACCS 

lEMRKS, NOTES 



1.0 

Fnpwtt forjmxdi^M fan wiw EVA fw* mmmI rtUut of LOtS. beginning 






wm porwift nfnt piwan 





4.S 

4.5 

1.1 

Sfrtts «1r1«)t e-d lfWBH 
1«tt to tool stMOS* oiriA 

firoM «ir1««1c m) trua> 
ma t* tMl stwm «m 


f/L btgr haaidralli 



4.0 

1,2 

VmtM »M^1S Itfl^ 

IfiHtM ttol kit 




11 .0 

2-5 

1.3 

Traftfff^r ISflMts 

ta mdcEiu 

ThMifer to*l Kit U mrk* 
fUt mi latlitf for 
wmr ftwna^t- 


r/L few hiadralls 


15-0 

2,0 

1-4 

Iiat.11. csnneet so4 
e<tj,st lig^t at |NM*t 

Ustillf OWMCt Mid 
.djMt light It star- 


tatS/K fltttugt 

^ortablt llqflitS (21 

19*0 

19,0 



ha«rd tiMMilon fitting 






2.0 

Inspect ICHS/AC 1atcrf*ct ara, iani1t*r ictonUM attafipts tnd define 
vfort; plan: 



23-0 

■ 

4.0 

2.1 

Inspect LCHS/RC 
Interface are* 

Assist QU; Inspection 
of ItItS/AC lnUrf*c« 

«nMi 





Loo^ for obvious danage 
or fitting filsillgnaentf 
binding 

^EYA support equfpwent required to coNplete LCHS Hlsslofi 
Scenario No. 1 to be provided by paylwd. 
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TABLE 2.3.4; LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO. 1 (Continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 


TIME 

Mln.| 


rmuunu . .. 

FUHCTION AND CREW TASK i 

CUH. 

TASK 

Stq. 

EVA C«l 

EVA CH2 

OTHER SUPPORT 

35.0 

12.0 

2.5L 

Honltor port latch actua- 
tien attanpts. Detemine 
status 

Honitor starboard latch 
icuiation attinpts. 
Deterafne status 

Payload stati«r: 

Actuate RC latch switch, 
cycle B tfeei 

37.5 

2.5 

2,3 

Oiaqoose pfoblon and 
devUe wort plan 

Assist on 


37.5 

11-5 







3.0 

RMiovt RC latches and rtitasa LCHS for dcployftent 


52.$ 

15.0 

3.1 

Obsenre RKS operation 

Observe HiS operation 

Payload Station: 

Attach SMS er«J effector 
to LCMS capture drogue 
to retain payload when 
latches are released 

.57.5 

1 

5.0 

3.2 

Attach tool tethers and 
prepare for RC latch 
rMoval 

UMtow tools tnd pass to 
EH1, Deploy carty-all 
eoetainer on Uther 


77.5 1 

i 

20.0 

1 

3.3 1 

R««ova port latch belt 
loop pin, remove imtp 
drive bolt frtm Hinge 
joint and pry Utch 
cap away frm trunnion 

Lttlo ^ 

Assist Oil. Capture and 
stow loose parts 



SVSTEK/PAYLCW) 

mmKEs 

tZ Utch switch is 


of _i 

SPECIAL REOKTS., 
RDttRKS, ROTES 


R«S end effector to 
capture drogue; 
operated froK Payload 
Station- 


m tether 


SAFETY NOTE! 

Crtmm stand clear and 
observe flKS Cf>eratl0ft 


Tools required are: *looj> 
pin rcMovil tool, adjus* 
table wench, haiaer and 
pry bar 

Body tethers required 
for stabilization at >«rk- 
site. EVA mrk station 
My also be required 


Ho. 1 to be provided by payload. 
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TABLE 2.3.4: LCMS EVA TASK COMPimON PLANS-MISSION SCENARIO NO.l (Continued) 
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TASK ANALYSIS: TIMELINES AND PROCEDURES 

ACTIVITY TITIE: DEPLOY PAYLOAD 



Sheet 3 of 6 

jTlHE 

Kin.) 

SEQ. 

pm crew task 1 

svsteh/payload 

SPECUL REOKTS., 


TASK 

EVA C«] 

EVA m 

other suppatT 

IRTEREACES 

aENMKS, NOTES 

57-S 

20.0 

3.4 

Repeat for latch 

ass#«bly 

Assist m 



SEE FIGURE 2.3>Z1 

S7*5 

60.0 




, 





4.0 

thtpleiy LCHS «sIno WHS 





109.5 

12.B 

4.1 

Honitor rtlease of ICHS 
tnifmtcm pfn frm port 
RC latch pcylud 

Honitor rtlfiase of LOtS 
trtAwlon pin fnm starboard 
latch and payload 
depToymot 

PiylMd Statltw: 

&p*r«t» RKS ta rm»H 
Lcns frw RC «i4 ctoploy 

IKS attached to Shsttli 
capture drogue on LOVS 
traasitisn adaptor 

CHI and/or CH2 nay &« 
rcoHlrtd to pry trunnion 
pin frtt of latch If mis'- 
alifpMMt CHOCS bindins 


12.0 

— 








5.0 

Attempt solar array ^apliywMt, and rft1aas« ^lar array 



1Z4.3 

15.Q 

5.1 

Direct posItlwIiHI ^ 
Lots for array da^lay* 

HmIUt «|wr>tlM ~ 4fsctos 
BMW.1 4.ylanii.t tfpreaeti 

Payload Station: 
PosUitm lots and 
actMits daployMrit 
switch 

EHO Uthtr 

Failure t* deploy requires 
cm a:;d 0H2 to don KHU^s 
Md relcofc solar arrays 

1H.5 

■ 

30.0 

5.2 

Tr« 0 isUti* to M statfM 
and don/diedcaui I5tu. 

Stw tools for trtnsfor 
ta ipork sit* 

. „j 

TransTai* t» (W station 
nM *w/ch«dcout ?MJ. 
Stow cairy-all cm* 
talMT for ^rawfar to 
mr^iu 

Payload station : 
mt^Uin PHS/LOiS 
position. Deactivate 
daploywmt switch 

mu station 
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TABLE 2.3.4: LCMS EW TASK COMPLETION PLANS-MISSION SCENARIO NO.l (Continued) 


TASK ANALYSIS: TIMELINES ANI> PROCEDURES 


ACTIVITY TITLE: PEPLQT PATIOAD- Sheet 4 _ of — fi. 


TIME 1 

[Min.) 

S£q. 

FUNCTIOM AND CREU TASK 

STSTEH/PATLCAO 

INTERFACES 

SPECIAL REqKTS., 
REMARKS, NQTES 

cu«. 

TASK 

EVA C«1 

EVA CH2 

OTHE^l SUPPOftT 



5e3 

TmsI&U t» uorksita mi 
attich ttthfrs. Oistw 
tools 

Translate to mHcs Itt and 
attach tethers. Unstow 
cairy-all container 



SEE nS^KE 2.3-22 

176.5 

1t.O 

5.4 

c«v«r bolts md 
cover. UslTt9 them, cut 
sheet ntU] 

MChMlSW 

SUM bolts and co¥«r in 
container. Fry debris 
fro« Mchanfs* 


m tether 

Tools reipifred are: 

3/e" drive socEet set, 
pinch bar and Mtal shears 

ISO.D 

3,5 

$65 

>loiil tor dep1o>pefit 

Monitor depltqp«ent 

Payload Stations 
Actuate depleynnmt 
switch 



163.5 

[KX 

3.5 

TW 


5to»^ tools, release 
tethers return 

te f/u My 

Stow carry-ttll container, 
release tethers ind 
return to P/l bay 






5.0 

hmm Miis and Free J— itd End Effector 




191.0 

7.5 

• 

5.1 

Translit* to WS/LOtS 
Interfice, dfftgnose 
prEjhlw and unstw 
tools 

Translate to WS/LCMS . 
interface and assist In 
developing h<oric plan 

Payload Station: 
Attenpt to release 
LCKS 

1 

End effector does not re- 
lease payload.* Tools re- 
quired are: shears and 
pinch bar 

*£VA support i<%u1pi«nt rtc^lrtd ta oftpIfU ICKS MIsiltM 
Sc«A«rlo Koe 1 to N proY^dtd Jjy 
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TABLE 2.3.4: LCMS EW TASK COMPLETION PLANS-MISSION SCENARIO NO.l (Continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 




ACTlVm TITLE; 

SCTLDY PAnjUD 




Sheat i; of fi 

TIKE 

;wn.) 

SEQ. 

fmcrm m ciev task 


U. M , 

SPECIAL REqHTS., 

OM, 


EVA CHI 

EVA OO 

(ITHCA KJrtW 

JHTEAFACES 

KOMKS» NOTES 

193.1 

2.S 

(.2 

h,iMrt t, fm mi 
tffKMr 

Pr,H*r« to fro, wd 
•ffictar 

Ptylood Statloo; 
ittrict iolir orrAT* 


FISUAE Z.3-23 
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ni.$ 

lt.D 

E.3 

Tritt MIrH blMkiiig 

(Md riUtM 
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SotafR 'mi i tw Mrfs . 
if |^£{bltt — Use coution 

to mio slioro odyts 

ai,5 

Itl.S 
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3«.0 

fi.4 
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wmMm' INS M 
TVHftM 
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AtUasc, rttract uvd 
ttmt m 


EV CTMBM to StObllfXC 
UNS dvriof IKS r«lMi€ 



7.0 
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7,1 

Ttt^ nM trtRsport Lots 
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effector dwofi. 
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dspTpyiififit} 
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30.D 
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TASK ANALYSIS; TIMELINES AND PROCEDURES 


ACTIVITY TITLE; DEPLOY PAYLOAD 


TIME 

CUH. 


Kin.) 

TASK 


SEQ. 


EVA W 


FUtCTlOH AW3 CREV TASK 
EVA CH2 


P7V.D 


fe75,0 


C75.0 


hDTAL 

EVA 

pm 


4.5 7.3 

4.0 7.4 

53.5 


Tr*nsl»t* to P/L biyr, 
lights 


Tronslato to lirlodc Md 
ingrws 


Tronsltte to P/L Iwiy. 
Stw tools in tool kit 
ir>d stow tool kit. 


Trmslstt to oirlock wi 
Ingress 


TOTAL EVA TIKE; 4 H0UK^35 MIBUTES 
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2. 3.6. 3 LCMS EVA Mission Scenario No. 2 - Recover Damaged LCMS 

LCMS EVA Mission Scenario No. 2 is based on a selection of contingency EVA 
tasks from Table 2.3.2. This mission assumes a series of problems occurring 
during an LCMS refurbishment mission that prevents refurbfsfsnent completion 
and payload bay door closure. Two EVA crew members are required to remove 
and jettison some of the equipment to permit stowage of the basic LCMS in 
the payload bay and subsequent door closure. The EVA operations include: 

1 ) Inspect LCMS damage 

2) Inspect and diagnose FSS damage 

3) Release RMS from damaged LCMS 

4) Inspect and verify RMS stowage condition 

5) Remove and jettison damaged solar array 

6) Stow LCMS in retention cradle 

7) Jettison PP. 

The major tasks involved and task performance rationale are contained in 
Table 2.3.5. 
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TABLE 2.3,5: LCMS EVA Tasks— Mission Scenario No. 2 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REHARKS 

RECOVER DAfiAGED LCMS 

Perform a two-man “contingency" EVA 

Assumes impact damage to the LCMS 
and PP, causing the LCMS to remain 
extended from the P/L bay, blocking 
P/L bay door closure. 


to release and jettison damaged 
subsystems and stow the LCMS to allow 
P/L bay door closure for entry. 
Initial task is to assess damage, 
plan overall task and disentangle 
RliS from LCMS debris. 

1 . INSPECT LCMS 
DAMAGE 



• Egress airlock and 
translate to impact 
area 

Crew translation using handrails 
along P/L bay door to Xo 1069 

Safety precautions must be exer- 
cised in proximity of damaged LCMS 

• Inspect, diagnose 
and plan correc- 
tive action 

Inspect RMS entanglement area, PP/LCMS 
impact area, LCMS condition and layout 
work plan 

LCMS systems must be turned off 

2. INSPECT FSS 
DAMAGE 



• Translate to FSS 
area 

Crew translation to P/L bay door 
handrail, then down along PP frame 

PP heaters must be turned off 

• Inspect and diag- 
nose extent of 
damage 

Translate along PP frame under LCMS 
and determine condition of PP probes, 
rotational mechanism, and structural 
attachments 

It is necessary to establish a plan 
for clearing the P/L bay door 
closure envelope 
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TABLE 2.3.5: LCMS EVA Tasks— Mission Scenario No. 2 (continued) 


I 
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TASK/ACTIVITY 

OPERATIONS OVERVIEW ‘ 

RATIONALE/REMARKS 


* 


3. RELEASE RMS FROM 
DAMAGED LCMS 



• Translate to tool 
stowage area and 
unstow tool kit 

1 

Crew translation along P/L bay using 
handrails, ingress foot restraints 
and unstow tools and equipment 

Foot restraints are permanently 
mounted at stowage area 

• Transfer tools to 
RMS debris site 
and attach tethers 

Crew translation/ tool transport along 
P/L bay handrail , across RMS to 
RHS/LCf'IS probe interface 

Attach tethers to avoid EV crev/man/ 
debris contact 

• Verify that LCMS 
is powered down 

Voice communications check list 
verification 

Damaged solar array must be dormant 
before next operation begins 

« Cut and pry debris 
from RMS 

Unstow tools and attach tool tethers. 
Cut array debris from RMS wrist and 
end effector areas. Pry debris av;ay 
from WiS to permit W^S retraction 

Tools required are; Pry bar, chain 
wrench and metal shears 

• Monitor RMS removal 
operati on 

Provide stability to damaged solar 
array while RMS is v/ithdrawn 

Requires the use of equipment 
tethers 

4. INSPECT AND VERIFY 
RMS STOWAGE 
CONDITION 



• Translate along the 
length of the RMS 
and inspect 

Crevmian translation using RMS handrails. 
Wrist joint and retention latch fitting 
must be inspected for damage 

Requires one EV crevmian 

* Translate to PP 
area and monitor 
RMS stov/age 

! 

'Crev/man translation back along RMS to 
Xo 1069, then onto PP frame to observe 
Rf-IS stov/age operation 

EV crewman assist may be required 
if wrist joint is damaged 
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TABLE 2.3.5: LCMS EVA Tasks—Mission Scenario Mo. 2 (continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIO MALE/REMARKS 

# Translate to each 
RMS latch and 
verify status 

Crevjman translation along WiS to retention 
latches and verify talk back indicator 
status 

Talkback indicators are 
located on Orbiter Panel A8 

5. REMOVE AND JETTISON 



DAMAGED LCMS SOLAR 
ARRAY 



• Inspect and 
diagnose array 
condition 

Crevmian translation across PP frame to 
LCMS solar array and inspect attach 
points. Determine hov/ array may be 
jettisoned 

Avoid sharp protrusions on 
damaged array 

• Disconnect array 
from LCMS at the 
transition adapter 
attach point 

f 

Attach foot restraints, unstow tools, 
.move solar array to provide fitting 
access, attach tethers to array, and 
remove fitting bolts and stow 

Tools required are: Double end 

flare nut wrench set, adjus- 
table wrench, diagonal cutters, 
and equipment tethers 

« Move array from 
LCMS proximity 
and jettison 

Release equipment tethers from array 
and jettison array 

Two EV crewmen required for 
safe handling of array 

6. STOW LCMS IN 

RETENTION CRADLE 



• Translate to 
LCMS/PP interface 
and assist LCMS 
docking release 

CrevflTian translation along LCMS to PP 
interface. Attach equipment tethers 
to LCMS. Cut and pry debris from 
interface area and release LCMS 

Requires two EV crewmen. Tools 
required are: shears, pry bar 
and chain wrench 

• Move LCMS into 
P/L bay and RC 

EV crewmen transfer LCMS to RC, guiding 
trunnion pins into RC latches 

RC heaters must be turned off 
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TABLE E.3.5: LCMS EVA Tasks— Mission Scenario No. 2 (continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW • 

RATIONALE/REMARKS 

§ Monitor closure 
of RC latches and 
verify proper LCMS 
stowage 

With one EV crewman positioned near 
the port P/L retention latch and the 
other near the starboard latch, observe 
latches and monitor closure 

Visual observation of latch 
actuation to be verified by 
talk back indicators on Orbiter. 
Panel A7 

7. JETTISON PP 

‘ 


• Translate to PP 
base and monitor 
rotation attempt 

EV crewmen to translate along LCMS, 
to area of PP and visually monitor 
attempt to rotate damaged PP into 
Orbiter P/L bay 

PP must rotate to provide clearance 
for P/L bay door closure. If PP 
does not rotate proceed to next 
step 

ft Transfer tools 
to PP/Orbi ter 
port trunnion 
latch 

Crewmen translate along PP frame 
to port trunnion latch. Attach 
tethers and prepare tools for use 

Tools required are; Socket set, 
ratchet wrench, 8" ratchet 
extension, pliers, and double end 
flare nut wrench set 

jft Remove bolts and 
release trunnion 

Cut and remove safety wire, remove 
bolts and remove trunnion latch cap 

Stow all loose parts 

9 Repeat for star- 
board trunnion 
latch removal 

Translate to starboard side and remove 
bolts and trunnion {latch cap 

i 

Stow all loose parts 

ft Hove PP from 
installed position 
and jettison 

Translate Into P/L bay, with one 
crewman at starboard trunnion and 
one at port trunnion. Push PP from 
P/L bay and jettison 

Crew tether point required for 
stabilization 

ft Transfer tools 
and equipment to 
stov/age area and 
stow 

Translate to stowage area, don foot 
restraints, stow tools and equipment 
and doff foot restraints 

One EV crewman required for stowage 
task. Second EV crewman may pro- 
ceed to final step 

i 

ft Translate to air- 
lock and ingress 


TASK COMPLETE 
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2. 3. 6. 4 LCMS EVA Task Completion Plans - Mission ScenaHo No. 2 

Preliminary timelines and procedures developed for the LCMS mission 
scenario no. 2 are provided in Table 2.3,6. Assumptions associated with the 
mission scenario include the following: 

i Suffi cient mobility aids (handholds , handrails) are provided by the 
payload and/or Shuttle Arbiter to access the LCMS/PP from the 
airlock. 

e Realizing the possible requirement for a contingency EVA, crew 
mobility aids are provided by the payload for access to each LCMS 
associated area. 

• Since design details were not available for many of the LCMS sub- 
systems, conceptual designs were developed by the contractor to 
implement procedures development. 

• Two qualified crewmembers are available for conducting EVA. A third 
crewmember is available to perform minimal Payload Station (PS) EV 
supporting functions. 

• Foot restraints (1 pair) and mobility aids are provided at the tool 
and equipment stowage area, 

B Sufficient pallet lighting is provided by the Orbiter and payload 
to perform EV tasks. 

This mission scenario involves a. contingency EVA situation based upon the 
premise that an LCMS, being retrieved by the RMS, impacts the PP with suf- 
ficient force to jam the PP, cause structural failure of the LCMS solar array 
and equipment damage which entangles the RMS in the debris. The RMS is 
rendered inoperable and must be stowed, while the solar array and PP must be 
jettisoned. The basic LCMS is recovered for ground refurbishment. Refer to 
Figures 2.3-25 through 2.3-28. 
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TABLE 2.3*6: LCMS EVA TASK COMPLETION PLANS-WSSION SCENARIO NO. 2 


TASK ANALYSIS: TlMaifCS AND PROCEDURES 

_ACTIVITY title: TCCOVCT . 


HOPE; UH^IDED EVA 


Sheet 1 of 


iTIHe 




!cuh. 


4.5 

13.5 

21.5 


pi.s 


bf.5 


sa*o 


TAS*; 


4.5 

3*a 

B.O 


21.5 


5.0 


2.5 


SEI}. 


FUfCTlOK M cm TASK 


m c«i 


EVA CK2 


OTHER WWT 


1.0 Frif ir t for 1 wohm« contjti^en^ EVA to Inspect recover in LOG 
' duHn? in AKS recovery 


1.1 

1.2 

1.3 


Egress ilrlocic ind tnns- 
UU to arei 

Inspect ind dlignose 
LCHS condition 


romiUte imrk p7m 


Egress airlock and translate 
to 1»pact area 

Inspect and diagnose pos1t1ofi4 Payload station: Twrn 


ing platfom condition 


Assist mt 


PP heaters off. 


Z«Q frON SMtftd ICK5 


2.1 


2.2 


Translate along Tits 
to debris area awf 
attach tethers for 
stabnizitlon* 

Begin planned task of 
tHsantangl ampt 


TTenslitt te tool stomge, 
ingress foot restraints^ 
unstcer tools and equlpn^t 
and egress foot restraints 

Transfer tools to >n>rkiite 
and attach tethers 


Payload Station: 
Vcf1i:y that ICHS is 
pewer^ doKH 


SYSTEH/PAYIOAO 

INTERFACES 


SPECIAL REqpTS., 
REMARKS* NOTES 


P/L bay door hat^dralls 


SAFETY NOTE; 

Exercise tttrene caution 1n| 
proatittlty of damaged LCMS 

ildafttify extent of damage 
to LCMS/PP wchanisai and 
^LCMS arrays 

SEE riSWE 2.3-25 


faMdrtll 


MU Tether 


Tools required are: 

Pry bar* ifttal shears and 
chain wench. Use 
along If required 
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TABLE 2.3.6; LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO. 2 (Continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 

ACTIVITT TITLEl RECOVER DAMAGED LCMS 


time 

IMin.) 


FUNCTION AND CREW TASK | 

- 


SEQ. 




CUM* 

TASK 


EVA CM1 

EVA 012 

OTHER SUPPORT 

47.0 

18.0 

Z.3 

Cut debris froi RMS wrist 

Assist CMl by ust of pry bar 





joint and end effector 

and chain wrench to pry array 





areas. 

free. 


S6.5 

9.5 

2.4 

Translate to PA bay door 

Attach tethers to damaged 

Payload station: 




handrail area and monitor 

array to provide stability 

Activate and extract 




RMS extraction from debris 

during RMS extraction 

RMS. Postion RMS 

56. S 

35.0 1 




parallel to stowage 






position. 



3.0 

Inspect. Verify RMS Stowage C4>nd1t1oft and Stow 


60.0 

3.S 

3.1 

Translate along RMS and 

ProcMd to tolar array area 





Inspect damage to RIS 

and prepare for next 





wrist joint and mid 

operation 





effector 



69. S 

9.5 

3.2 

Translate to PP frame 

Same it above 

Payload station: 




and monitor mS stowage 


Stow RMS. Verify 






tiUbick IndIcaW 






status on Orbiter 






Panel AS 

77.0 

7.5 

3.3 

Translate to each RMS 

Sane as above 





latch and verify status 



77.0 

20.5 

1 





SYSTEH/PArLQAO 

INTERFACES 


EMU t<ther 


SKe€t 2 of 6 

SPECIAL REQKTS,, 
REMARICS, NOTES 

Collect tnd stow debris lTl 
possible. i 

SEE FIGURE 2.3-26 


PA bay door handrails LCHS Is restrained by PP 


ms handrail 


Pf fraae stroctore 


RKS handrail 


EV crewaan assist nay be 
required during RMS stowage 
If wrist joint damage Is 
extensive 
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TABLE 2.3.6: 


LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO. 2 (Continued) 


TASK ANALYSIS: TiAELINES AND PROCEDURES 

wmvm unit Kami mkkeb lob 


Sheet 


of 


T!WE (Wlft.) 


am. 


M.S 


TASK 


S£0- 


7.5 


FUNCTION AM) CKEV TASK 


EVA on 


EVA QQ 


OTHER SUPPORT 


4.f 


mN JettiMN d u qyd LOtS Soltr Mrrty 


4.1 


TrantloRi to toltr itrijr 
■tUcNMt oreo on trtnsl- 
tloo Adopttr tnd ittach 
foot rtstrolriU 
Uthtn 


DoflNt Jottlsen procmNms 


ilOtS tnnsUloa oRtpter 


SYSTEM/FATUW) 

INTOFACLS 


Avoid contact kith array 
protnislofis 


SPLCXAL REqPfTS., 
RtiMKS. NOTES 


N 5 


4.0 


4.1 


Attach tithen to hold 
array la a atablllood 
pofltloa provldlaf 
accost to ittackMoit 
fittlay latorfact 
with LOB 


Astitt on 


tolOMt tothan 


hOi.SPi.O 


4.S 


hoBova bolts and hate 
o ov ar , dlioonMct 
array ftmctaral 
attachments and oit 
cahle 


Colloct end stow loose pai^ 


ICarry-all contataer for 
hoest parts stSHafo 


his.e 1.1 


hif.0 


4.4 


Nave array fren pmIvltF 
of Oftitar, detach tethers 
aed jettison 


Assist on 


pRJ tether for stablll 
Izatlon 


*£YA Iten roeulrtd to conplete LOIS Mission' 
Sctfiarle No. 2 to be provided by payload. 


Tools reoolred are: taible 
md flam aet wrtneh set. 
idjestabte wrench* and 
^It cotters. 

SEE FlttJRE 2 . 2-27 
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TABLE 2.3.6: LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO. 2 (Continued) 


TASK ANALYSIS: TIAtfLINES AND PROCEDURES 

ACTIVITV TITLE; gCPnH omAGED LCKS 

IKE {H1nV)l FUHCTION AND CRW TASK 

f- SEQ, " — I ■ ~ ■■■ 

UM. TASK EVA CHI | EVA CK2 

S.O Hovt LOC froB P? and Stow In RC for Ground Refurblthment 


TIKE 

HI..} 

CUM. 

TASK 

119. S 

4.S 

131. S 

12.0 

138.5 

7.0 

157.0 

18.S 

159.0 

2.0 

159. 0 

u.o 


OTHER SUPPORT 


* 

Translate to LCMS/PP 
Interface, attach 
tathers to LCKS for 
stablllxatlon and 
handling 

— 

Assist CMl 

Cut, pry and rtBove 
debris to free LCMS 
froa PP 

Assist CMl 

Monitor atteapt to 
release LCMS froa 
docked position. 

Assist as required 
to accoapHsh undocking 

Monitor and assist CMl 

Transfer LCMS Into 
P/L bay and stow 
In RC 

Assist on 

Monitor closure of port 

Monitor closure of starboard 

RC retention latch 

RC retention latch 


Pijrload station: 
Cycia rttantlon 
letcK svitch 


SYSTEM/PAYLOAO 

:kterfaces 


docfclnf p rotes 


SPECIAL REQMTS,, 
REKARICS. NOTES 


Tools rtquirod are: HeUl 
stearst pinch bar, and 
chain wrench. Use cow> 
along If required 


C heaters aest be 
emed ‘off 


Payload Station: p^l^y actuation by 

CycU witch OR OrhIUr IwUcotori on 


proper alignaent of LCMS 
[trunnion pins with RC 
latches Is required 


Panel A7 to close re- 
tention latches 


lOrblter Panel A7 
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TABLE 2.3.6: LCMS EVA TASK COMPLETION PLANS-1 





TASK ANALYSIS: TIMaiNES AND PROCEDURES 


TITU: 


FUNCTlOi MD Ct£M TASK 


oncR suffonr 


t.i JvttfMo FUtfon (Pf ) th4t It l1#cA1nf Door Clotort 


Pi^looi SUtlin: 
fotitlw firltcA t» 
itSM t*»t 90* lift 
ictiitlfR BtcK»1n 
Kttinii XC Kciter pm 
to *on* «M Pf pmm 
t* 'tfr 


frwUto to aft port 
mti of LCKS oonltor 

Pf rototloo attnot 

Tram lata to aft ttarbeord 
tnd of LCMS and Boaltor PP 
rotation attaopt 

IraaUii ii 1« mt to 
port fUmi attadi fittlof 
ami wmmmmzt tattiofi for 
ataOllliatloM 

Auut on 

Loom oat to foniord 
attadi bolt mi aiHiif 
fa^vard. Svinf joumal 
cap aft to citar trviwloa 

Aaslat on 

Atpoat tUpt 6.2 and 6.3 
for starboard fitting 

Aailst 0<1 

Dltcaoooct/cut powr 
cabit 

Atsift on 


N SCENARIO NO. 2 (Continued) 


SYSTW/PATLOAO 

IirmACES 

SrCCIAL >‘£Q<TS.. 
RDtMttt, NOTES 

StMd LOO 


Piyloid flaod attadi 
flttiof lad pofload 
trawaloa (port and 
itartoonl) 

Tools romlrid are: 

Sodcat tot. ratcbet mrench, 
8* ratcbot extension, 
diagonal ortters, and 
dooblc end flare nut «n-enc^ 
set 

Sam at abova 

SEE FI6UXE 2.3-28 

Sam as abort 


Ortltar pomr cable 
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JETTISONED 



FIGURE 2.3-27: RELEASE AND JETTISON DAMAGED SOLAR ARRAY 
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2. 3.6.5 LCMS EVA Mission Scenario No. 3 - Refurbish LCMS 

This scenario is based on a selection of potential EVA tasks from Table 2.3.2. 
It assumes completion of a refurbishment mission using EVA and the RMS in 
lieu of the currently planned FSS. Handling of the LCMS and the replacement 
module depend upon the RMS, while the EVA crewmen direct the tasks, made 
and break all connections and assure proper task completion. Replacement 
and spent modules are stowed on a pallet in the payload bay. The EVA opera- 
tion includes: 

1) Retrieve LCMS and connect Orbiter to LCMS power cables 

2) Erect portable work stations 

3) Remove spent modules and place in temporary storage 

4) Install refurbishment modules 

5) Stow spent modules for return to earth 

6) Stow portable work stations 

7) Deploy LCMS 

The major tasks involved and task performance rationale are contained in 
Table 2.3.7. 
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TABLE 2.3.7: LCMS EVA Tasks--Mission Scenario Mo. 3 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

REFURBISH LCMS 

o 

Perform a tv/o-man EVA to conduct 
LOIS on-orbit refurbishment opera- 
tions. The operations consist of 
LOIS capture, refurbishment and 
redeployment. 

Assumes deletion of the SPMS and 
accomplishment of operations 
through a combination of EVA and 
RMS operations 

1. RETRIEVE LCMS AND 
CONNECT ORBITER TO 
LCMS" POWER CABLES 



t RMS capture and 
docking of LOIS 
to PP 

Normal RMS payload retrieval 

EVA not required for retrieval 

• Egress airlock and 
translate to PP 

One EV crev/man translation using 
handrails along P/L bay door to 
Xo 1069. Second EV crevmian proceed 
to tool storage area 

Crew tether point required for 
stabilization at umbilical 
worksi te 

• Connect electrical 
power umbilical 

Unstow and connect Orbiter to 
LCMS power umbilical 

Requires one EV crev/man 

2. ERECT PORTABLE WORK 
STATION 



• Translate to equipment 
stowage area and 
unstow portable work 
station 

Ingress foot restraints, unstow 
portable work stations and tools 

Requires two EV crewmen 
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TABLE 2.3.7: LCMS EVA Tasks--Mission Scenario No. 3 (continued) 


TASK/ACTIVITY 

OPERATIONS' OVERVIEW 

RATIONALE/REMARKS 

• Transfer work 
stations to work- 
site and install 

Crewman hand-carry tools to v/orksite. 
RMS transfer of portable work 
stations. Assemble and attach 
work stations at worksite 

One EV crewman at worksite and 
one at stowage area during 
equipment transfer phase. 

3. REMOVE SPENT MODULES 
AND PLACE IN TEMPORARY 
STORAGE 



1 

t Ingress work stations 
and set-up for module 
removal 

Translate to work area, ingress 
work stations, unstow and attach 
tool tethers, and prepare for 
module removal 

Two EV crewmen required, one on 
each side of module. 

• Detach module 

Disconnect module 

Use motor unit 

f Remove module and 
. transfer to temporary 

storage site 

Attach RMS, withdraw module and 
transfer to stowage area 

EV crewmen to observe and 
direct the operation 

! t Translate to storage 

site and attach spent 
module 

Translate along P/L bay door hand- 
rail to stov/age position, accept 
module from RMS and temporarily 
stow with equipment tethers 

Repeat above steps for each 
module to be replaced 
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TABLE 2.3.7: LCMS EVA Tasks— Mission Scenario No. 3 (continued) 


TASK/ACTIVITY 


OPERATIONS OVERVIEW 


RATIONALE/REMARKS 


4. INSTALL REFURBISH- 
MENT MODULES 

• Unstow module from 
stowage pallet 

• Transfer module to 
LCMS 


• Install and attach 
module 


• Inspect and verify 
installation 


Remove replacement module from 
stowage position for RMS transfer 

Transfer module to v/orksite and 
position for pre-installation 
inspection 

RMS to insert and hold module 
while EV crewmen attach fasteners 


The installation inspection is to 
verify that the module is properly 
installed and that all connections 
have been made in readiness for 
activation 


Requires only one EV crewman to 
unstow module 

Inspection requires removal of 
protective covers and a physical 
damage assessment 

Fasteners must be attached to 
hold module in the installed 
position 

Repeat above steps for each 
module to be replaced 


V-) 


5. STOW SPENT MODULES 
FOR RETURN TO EARTH 

• Translate to stowage 
pallet 


Translate to stowage area using 
P/L bay door handrails 


• Move snent modules Detach temporary stowage tethers, 
from temporary storage move spent modules Into stowage 
to stowage pallet and position and stow for entry 
secure for return to 
earth 


Tvjo EV crewmen required for 
stowage task completion 

NOTE : From this point EV 

crel^mlen perform separate 
tasks 
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TABLE 2.3.7: LOIS EVA Tasks — Hission Scenario No. 3 (continued) 


! 

TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 




6. STOW PORTABLE WORK 



stations 



• Translate to 

One EV crewman translates to 

First EV crewman performs 

works i te 

worksite along P/L bay handrails 

stowage task 

• Remove portable work 

Detach, fold and prepare work 

Work station is designed for 

stations 

stations for stowage 

quick/compact stowage 

t Transfer work stations 

RMS transfer of work stations. 

Equipment tetners used during 

and tools to stowage 

EV crewman hand carries tools 

transfer operations 

area 

to stowage area 


• Stow equipment 

Stow work stations and tools 

First crewman may begin ingress 


for entry 

activity 

7. DEPLOY LCMS 



t Translate to PP 

EV crewman translate to PP 

Second EV crewman prepares LCMS 



ftr deployment 

f Disconnect electrical 

Disconnect and stow Orbiter 

Requires tether attach point 

power umbilical 

to LCMS power umbilical 

for EV stabilization 

• Attach R?*S to LCMS 

Monitor RMo attachment operation 


Shuttle capture drogue 



• Release holddown 

Operate mechanical probe release 

Operation conducted from 

fixtures 

mechanism 

beneath LCMS near PP interface 
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TABLE 2.3.7: LCMS EVA Tasks--Mission No. 3 (continued) 


TASK/ACTIVITY 


OPERATIONS OVERVIEW 


RATIONALE/REMARKS 


• Deploy LCMS v;ith RMS 


• Translate to airlock 
and inqress (Both 
crewmen ) 


Wi t fc y i . 4^ 


Move LCMS to deployment position 
using the RMS 
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2. 3.6.6 LCMS EVA Task Completion Plans - Mission Scenario No. 3 

Preliminary timelines and procedures developed for the LCMS mission 
scenario no. 3 are provided in Table 2.3.8. Assumptions associated with 
the mission scenario include the following: 

• Sufficient mobility aids (handholds, handrails) are provided by 
the payload and/or Shuttle Orbiter to access the LCMS/PP from the 
ai rlock. 

• Given the requirement for a potential planned EVA, crew mobility 
aids are provided by the payload for access to each LCMS 
associated area. 

• Since design details were not available for many of the LCMS 
subsystems, conceptual designs were developed by the contractor to 
implement procedures development. 

• • Two qualified crewmembers are available for conducting EVA. A 

third crewmember is available to perform minimal Payload Station (PS) 
EV supporting functions. 

0 Spare LCMS modules are provided as pallet mounted equipment. The 
spares are attached t<> the pallet structure. 

• Foot restaints (1 pair) and mobility aids are provided at the 
spares stowage pallet. 

• Sufficient pallet lighting is provided by the Orbiter and payload 
to perform EV tasks. 

In this scenario LCMS module replacement is accomplished by RMS aided EVA, 
thereby deleting the necessity for the automated refurbishment systems 
(SPMS) and automated positioning platform. The LCMS is docked to a modified 
positioning platform that rotates as a carousel to permit RMS/EVA access 
to each module. New and spent modules are released/attached by the EV crew- 
men (Figure 2.3-29) and transferred by the RMS (See Figures 2.3-30 through 
2.3-32). 
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TABLE 2.3.8: LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO. 3 

TASK ANALYSIS: TIMELINES AND PROCEDURES 


TIHE (Hin.; 
QW. [task 


17.0 17.0 



FUNCTION AM) CREU TASK 

bLlj* 

EVA CNl 

EVA CM2 

OTHER SUPPORT | 

1.0 

Prepare for two-«an potential planned EVA, retrieve and dock LOIS to 
■odifled positioning platforw (PR) 

1.1 

CoapleU EVA preparation 

Coaplete EVA preparation 

Payload SUtlon: RMS 
upture and docking of 
LCMS to PP 

1.2 

E 9 rets airlock m4 trai^ 
slate to PC 

Egrass airlock and translate 
to tool storage 


1.3 

Connect Orbiter to LOtS 
power unbllical 

Ingress foot restraints, 
unstow tools and prepare 
for transfer to worksite 


1.4 

Assist RNS end effector 
exchange 

Sane as above 

Payload Station: 

Maneuver RMS to exchange 
and effectors 

2.0 

Unstow, transfer Portable Mark Stations 


2.1 

Inspect LCKS to verify 
readiness for refur- 
blshaent operation 

Unstaw portable work 
stations and prepare 
for transfer to work 
site 



HOPE: EVA WITH m 

SYSTEM/PAyiCAO 

nnwACES 


Sheet 1 


Pfl bay door Kandrill 
Ortlter power uatlllul 


SPECIAL REQKTS.. 
REMARKS, NOTES 


Ptyloid cipturt and dock- 
Ing ccapifted prior to 
crtMMR egress froa air- 
lock 

Sa FIGURE 2.1-29 


Portable EVA work sUtlofts 
I transported to worksite 
by RHS 


*tVA ec|u1patnt required to cewplete LCNS Nlsslon Scenario No. 1 
to be provided bv oavload. 
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TABLE 2.3.8: LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO.. 3 (Continued) 


TASK ANALYSIS; TIMELINES AND PROCEDURES 

ACTIVITY TITLE: REFURBISH LOtS 


SbMt 2 of 


TIME (Hln. 


CUM. TASK 


u 


nwciKw 


EVA CM2 


CREM TASK 


OTHER SUPPORT 


SYSTEIVPAaORD 

2ICTEXFACES 


SPECIAi R£QKTS.» 
IKEMaKS. NOTES 


29.0 7.0 2.2 RtctWt first porUbYi w 

tUtlon at wDri site m4 
lather for teeporary sUm 


wirfc Attach portable nori ititlon Payload SUtlofi; 


for IMS traasftr. Connect 
safety tether 


Operate IMS to transfer 
portable work stations 


iEpulpMit tethers 


EVA Horkstatloos trans- 
ported by l9fS; posltloncsl 
and deployed bf cr c ww n 


39.0 10.0 2.3 Repeat for second wort 

sUtlon 


as above 


as above 


4S.0 S.O 2.4 Attach and deploy wort 

stations naar port and 

49 0 2t 0 sUfboard sides of LCMS 


Hand carry tools to wort 
site and assist CMl in 
attaching and deploying 
wort stations 


I Portable oert atatloe 


attach praolsloni deslened 

I Into itmclofe at rodiired 
locatlooi 


3.0 Aenove Spent LOIS Nodalot aiwl replace refurblshnent nodules 


3.1 

Inpress port wovt statleo^ 

leprass starboard work 


imstow tools and attach 
tethers 

station and unstow tools 

3.2 

Continec worksite 

Assist IMS attadoKut to 


preparatlee 

ACS spent nodule end 
actuate end effector 
latches 

3.3 

Rilaase pert resupply 

Reloasd starboard resupply 


latch nachanitn 

latch nechanlsn 


Lots sidMle teterfaoe Nletor enit reepilred 


Payload Station: RKS and effector* Hanually actoatnd latches 

Operate IMS to attach wrist assenbly and and provided en 91$ end 

to nodule effector latches effectors 


ACS aodwle reloese SEE FIGURE 2.3-30 


•EVA 1t«i required to conplete Nistlon Scenario No. 3 
to be providtd by payload. 
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TABLE 2.3.8: LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO. 3 (Continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 

ACTIVITT TITLE: REFURBISH LCMS 


TINE 

CUM. 

SlnJ. 

TASK 

StQ. 

62. S 

3.5 

3.4 

67.5 

5.0 

3.5 

79.5 

12.0 

3.6 

84.5 

$.0 

3.7 

90.0 

5.5 

3.8 

97.0 

7.0 

3.9 


1 FUNCTION AND CREW TASK | 

EVA CMl 

EVA CM2 

OTHER SUPPORT 

Assist RHS In ACS ranoval 
frm LCKS 

Tether ACS nodult to RMS 

arn 


Inspect JOdult and IMS for 
transfer status 

Translate to LCMS nodule 
stowage rack and Ingress 
foot restnlnts 

Payload Station: 

Operate IMS to transfer 
nodule 

Confin LOC configured 
to accept new ACS nodule 

Assist RKS In stowine ACS 
nodult, lock nodula In 
stowage rack and release 
end effector latches 

Payload Station; 
Opiate RMS to stow 
ACS nodule 

Rest 

Tether new ACS nodula to 
RMS arn, assist RMS attach- 
nent to ACS and reltast 
nodult stowege reck latehes 

Payload Station: 
HantuYtr MIS to new 
ACS nodule stowage 

and angage 

Rest 

Assist ntnctlon of ACS 
nodule frm stewage rack. 
Translate to LCMS star- 
board workstation 

Payload Station: 

Operate RMS to transfer 
new ACS nodule to LCMS 

Assist RMS In positioning 
new ACS In LCMS* tecun 
port resupply Utch nech- 
anlsn and release end 
effector latches 

tet— tacure starboard 
rasupply latch nechanlsn 
and ftloase ACS Uther 

Payload Station; 
Retract IMS to clear 
LCMS rotation envelope 


SYSTEH/PAYLOAO 

INTERFACES 


Modult stOMtgt nek 


Kodult litchcs on 
ttOM 9 « nek 


SPECIAL REQKTS., 
REMARKS* NOTES 


Nodult itow«9« .4ck 
prov1(ks stowage for 3 
nodules and one additional 
unit for nodule handling. 
SEE FIGURE 2.3*31 

Nodule latches on stowage 
rack an nanually actuated 
by CTMMn 
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TABLE 2,3.8: LCMS EVA TASK 



TASK ANALYSIS: TIMaiNES AND PROCEDURES 


ACTlflTf THLE 


RelMM LCMS 
plitftm mi •fflft Oft 


NMMny rtclocL LCMS 
to ooctts Mact ooAito 


itoeot tta^ 3.2 throoili l.f for Nmt 

HeOMt sUo* 3.2 tliroufli 3,1 for CIOM oodolt 

hntptrt EVA o^lpM 
itmmqM for rMotry 


IH^connoct LCMS pm mr 
uabltlcAt fr«o Orbitor 


Fold, rtloAit and atUdi 
sUrtoord EVA norksUttoo 
to M4S «id tffector 


TnosliU to EVA 
et|u1pBtfit ftt o ooot 
«nd looms foot 
mtrilnts 


Frepore LCMS for dop1ey< 


RcMOVt EVA worfcstitlofi 
froo MS and ttOM 


Fold, roltaso and attacA 
port EVA voristatlon to 
MS mi offtctor 


Prepare EVA equIpMot 
for reentry 




ON PLANS-MISSION SCENARIO NO, 3 (Continued) 


SAfft 4 


OTHER SUPPORT 


Poytoid Station; 
toltlate ACS cAoclMt 


Payload Station: 
Koneovtr MS 


as above 
Sane as above 


systovmtlmo 

umirACEs 


Posltieeinf ptotfm 


Poi^er «d>i11ca1 and 
stoMooe fiature/lactbas 


SPECIAL REQHTS., 
REIMIIS. NOTES 


Positionleo ptatfore 
(irldi LCMS; Is routed ^ 
mmm oslos aetor unit 
to access each repli c pi en t 
Mduli 

SEE FIGURE 2.3*32 


Stow power lobilleal for 
rteatiTr 


Conflm LCMS nodules seojra 


. « ... 


ro 3 
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TABLE 2.3.8: LCMS EVA TASK COMPLETION 



TASK ANALYSIS; TIMELINES AND PROCEDURES 


ACTIVITY TITLE: 

REFURBISH LCMS 



TIME 


SEQ. 

nWCTIOR AM) CREW TASK 


CUM. 

TASK 

EVA CMl 1 

1 EVA CM2 


226.0 

4.0 

4.4 

Ratove EVA iforkstiitlaM 
frcni RKS and %tsm 

Prepare L jRS fa* depl advent 


236.0 

8.0 

4.5 

AsiUt RKS tffKtsr 

«dMO.t 

SaiM as abort 

ro 

238.5 

2.5 

4.6 

Check and canflna used 
LCMS Mxkjlts secsre 
for reentry 

Assist RKS and effector 
attichnant to LCMS for 
daplpivant 

CO 




1 

00 

238.5 

33.0 







5.0 

Release and Dtplay LCMS 



242.0 

3.5 

5.1 

Translate to airlock area 
and standby far LCMS 
deplayoaat 

TrmsUta to airlock 
area and standby 

s 

257.0 

15.0 

3.2 

Monitor LCMS deploynant 

NMitar LCMS deployment 

0 






Q 

0 

2 

> 

263.0 

6.0 

5.3 

Secure PP latch oachanlM 
for reentry 

Inspect and confirm 
payload bay and EVA equip- 
moat oanflpured for reentry 

ni 

r 

r 






0 

0 




ANS-MISSION SCENARIO NO. 3 (Cotinued) 


Sheet 5 of 6 


- STSTW/WTLOW) 

OTHER SUPPORT IICTIRFACES 


Piyload Station: 
Complete pre-rtlmt 
checkout of LCKS 
functions 


SPECIAL REQKTS., 
REMARICS. NOTES 


Conflm operAtlonal status 
or replacenent aodules 


Standard pdfload end 
effector 


Paylorl Station: 

Release ICNS/PP latch 
•echanlsa 

Payload Station: 
Maneuver RHS 

Payload Station: 

Confirm payload release 


Handrails, airlock 


Standby EVA for assist 
operations If necessary 


ro 3 
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TABLE 2.3.8; LCMS EVA TASK COMPLETION PLANS-MISSION SCENARIO NO. 3 (Continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 


«TnmT TITLE; ItFWBISH LCHS 

— 

cun. TASK EfA an 


?se.O S.O S.4 TTanslaU t* ftirlock 
m4 Ingrtss 


FUnaiDM AND CRCIi TASK 


Tmilate to airlock 

lOfTtSS 


CrrKER SUPPORT 


SYSTEM/PAYIOAO 

INTERFACES 


SPECIAL REOKIS.. 
REMARKS, NOTES 

EVA OPERATIONS 


268.0 2S.S 


TOTAL EVA TIME 4 He«rs,2l oliMtos 
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FIGURE: 2.3-32; LCMS/POSITIONING PLATFORM 

ROTATION FOR SUBSYSTEM MODULE 
ACCESS 
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2.4 LARGE SPACE TELESCOPE (LST) 

2.4.1 LST Program Description 

2. 4. 1.1 Introduction 

The Large Space Telescope (LST) is a free-flying u/imanned observatory 
representing an international facility for astronomy research while con- 
trolled by the investigating scientists on the ground. Analogous to other 
astronomy payloads using the Space Transportation System, the LST will 
provide the capability to conduct surveys and detailed measurements of the 
various energies radiated toward earth from celestial sources. The LST 
makes possible the further study of the structure and evolution of the 
universe and the laws that govern it. 

The LST mission objectives are to study a diverse variety of astronomical 
problems by utilizing: (1) the three- to-five increase in limiting 
magnitudes over ground-based telescopes, (2) the capability of high angular 
resolution imaging, and (3) the extension of astronomical spectroscopy to 
wavelengths and to limiting magnitudes far beyond the capabilities of 
ground-based instruments. The large and dynamic instrument complement 
planned on LST will permit observations of planets, stars, nebulae, galactic 
and globular clusters, galaxies, galactic nuclei, quasars, and other yet 
undiscovered objects to unprecedented accuracy. Due to the proposed high 
quality imaging, it may be capable of supplying solutions to a large number 
of cosmological problems that have little hope of being solved from ground- 
based instruments. 

The LST is the keystone astronomical instrument for the 1980's (initial 
launch planned for Dec. 1982) in its relationship to other astronomy 
discipline objectives. Survey telescopes and the one-meter ultraviolet- 
optical diffraction limited sortie telescope will locate unusual sources 
for detail observations by the LST. The LST also complements on-going 
ground-based observational programs and fills data voids in specific areas 
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of research, particularly In the ultraviolet and infrared regions of the 
spectrum. The observational programs will be confined to specific objects 
using instruments that are selected to provide data for answering questions 
and resolving problems that arise in the course of ground activities. 

The Large Space Telescope is a 2.4-m. (7.9 ft.) diameter, near diffraction 
limited Ritchey-Chretien system with a high reflection efficiency in the 
0.1 to 0.5 micrometer spectral region. The primary mirror is attached at 
three points to a supporting structure. The high quality data field at the 
principal focus is 5 arc-min. in diameter. The outer field of view, 
extending 24 arc-min. in diameter, is used for fine guidance in order to 
ac*'ieve pointing stability of 0.005 arc-sec. The secondary mirror is moved 
by actuators to compensate for errors that are below the sensitivity of 
the basic attitude control system. Individual pickoff mirrors and slits 
are arranged off of the optical axis for redirection of light into the 
axial and radial mounted instrument complement. The instruments are 
mounted so that they are readily accessible for delivery, maintenance, and 
replacement in orbit. 

2. 4. 1.2 LST Mission Description 

The LST will utilize the Space Shuttle for initial placement into a low 
earth, circular orbit at a nominal altitude of 500 km (270 nautical miles) 
with an inclination of 28.8 degrees. During the planned 15-year operational 
life, the Shuttle will also be used to perform on-orbit maintenance/servicing 
and/or earth return to maintain LST operating proficiency and to update the 
scientific instrument capability. The LST Mission Operations Center (ground 
control) will continuously monitor the status of the LST systems, determine 
failures, identify degraded systems, and determine the maintenance mode 
(i.e., on-orbit or earth-return) for the Shuttle LST maintenance flights 
which will be shared with other payloads. 

The LST missions and operations flow is shown by the scenarios in Figure 
2.4-1. The typical activities for the three types of missions (i.e., 
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placement, on-orbit maintenance and retrieval, ground return) can be 
summarized as follows; 


PLACEMENT MISSION; 


1. Prelaunch at KSC 


t LST integration and test 

• LST checkout 

• LST mated with Shuttle Orbiter 

• Space Shuttle transported to launch pad 

2. Launch, Orbit Insertion, and Deployment 


• Boost and insertion into 92.7 x 278 km, (50 x 150 Nmi.) orbit 

• Shuttle External Tank dropped, orbit circularized to 150 Nmi, 

• Payload bay doors opened and Orbiter subsystems checkout 

performed 

e Orbiter transferred to 500 km. (270 Nmi.) circular orbit 

• LST powered- up and status verified 

• LST unlocked and erected in payload bay utilizing manipulator 
a LST pre-release checkout 

- High gain antennas and solar arrays deployed 

- Final systems verification for deployment release 

• LST deployed to final release position utilizing manipulator 

• LST released 

• Orbiter performs separation maneuver and loiters 

fl LST post-release activities 

- Pointing control stabilized/subsystem checked out 

- Lock-up to TDRS/TDRS-STDN link verified 

- Solar arrays oriented for maximum power; subsystem checked 
out 

- Thermal control subsystem checked out 

- Aperture door opened/star trackers activated 

- Scientific instruments activated/checked and calibrated 
3, LST Initiates Orbital Scientific Operations 


t 


Orbiter proceeds to next mission or return to Earth, 
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ON-ORBIT MAINTENANCE MISSION; 

1 . Space Shuttle Launch, Orbit Insertion, and Shared Flight Operations 

• From KSC-boost and insertion into 50 x 150 NMi orbit 

• Shuttle External Tank dropped, orbit circularized to 150 NMi 
e Payload bay doors opened and Orbiter subsystems checkout 

performed 

• Other payload(s) mission performed 

- Assumes LST maintenance flight shared with other payload(s) 

• Orbiter transferred to LST circular orbit (Approx. 270 NMi) 

2. Rendezvous/Recovery 

• LST pre-rendezvous deactivation and control 

• LST/Orbiter rendezvous 

• LST capture by Orbiter utilizing manipulator 

• LST/Orbiter erected in payload bay and hard interface 
establ ished 

3. LST On-orbit Maintenance/Servicing 

• Crewmen EVA preparation/EVA to LST 

« LST to Orbiter payload bay stabilization support installed 

• LST powered-down 

• LST inspection performed by EV crewmen 

- Repair/ exchange systems support elements 

- Service/repair/exchange scientific instruments 

• LST verification/checkout performed following repair/ exchange 
i LST to Orbiter payload bay stabilization support removed 

• EV crewmen return to Orbiter 

4. Deployment 

• LST powered-up and status verified for deployment release 

• LST deployed to final release position utilizing manipulator 
f LST released 

• Orbiter performs separation maneuver and loiters 
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■ 1ST post-release activities 

- Pointing control stabilized/subsystem checked out 

- Lock-up to TDRS/TDRS-STDN link verified 

- Solar arrays oriented for maximum power; subsystem 
checked out 

- Thermal control subsystem checked out 

- Aperture door opened/ star trackers activated 

- Scientific instruments activated/checked and calibrated 

5. LST Initiates Orbital Scientific Operations 

• Orbiter proceeds to next mission or returns to earth 

RETRIEVAL-GROUND RETURN MISSION: 

1 . Space Shuttle Launch, Orbit Insertion, and Shared Flight Operations 

• From KSC-boost and insertion into 50 x 1 50 NMi orbit 

• Shuttle external tank dropped, orbit circularized to 150 NMi 

• Payload bay doors opened and Orbiter subsystems checkout 
performed 

• Other payload (s) mission performed/deployed 

- Assumes LST maintenance flight shared with other payload(s) 

• Orbiter transferred to LST circular orbit (approx. 270 NMi) 

2. Rendezvous/Recovery 

• LST pre-rendezvous deactivation and control 

• LST/Orbiter rendezvous 

t LST capture by Orbiter utilizing manipulator 

• LST/Orbiter hard interface established 

3. Retrieval-Ground Return 

$ LST pre-stowage deactivation performed 

- High gain antennas and solar arrays retracted 

- All systems depowered/safed (passive LST) 

• LST stowed and I'.'Cked in payload bay utilizing manipulator 

• Orbiter reentry preparations made/payload bay doors closed 

• Orbiter with LST deorbits and lands at KSC 
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I 

• LSI removed from Orbiter payload bay 
f: • LSI transported to refurbishment facility 

<■ - Ground maintenance/refurbishment of LSI performed 

2. 4. 1.3 LSI Configuration 

V- 

The design definition studies for the 1ST were being conducted, sponsored 
by the NASA Marshall Space Flight Center (MSFC) and the Goddard Space 
Flight Center (GSFC), in a time frame paralleling this EVA applications 
study. The Phase B-LST optical telescope assembly (OTA) and scientific 
instruments (SI) conceptual design studies were being performed by two 
contractors, Itek Optical System Division and Perkin-Elmer Corporation. 

The LST support systems module (SSM) Phase B-LST design definition studies 
for the total program, including preliminary design considering both 
OTA contractor interfaces, were being conducted by three contractors: 
Martin Marietta Denver Division, Lockheed Missiles and Space Company, and 
Boeing Aerospace Company. 

The LST configuration, including the supporting systems characteristics, 
final hardware configuration, and location in the Shuttle Orbiter payload 
bay were not available except as conceptual designs developed by each of 
the study contractors. Development of EVA applications for the different 
contractor recommended approaches to the LST design was not attempted. 
Since the EVA applications would be similar for the various approaches, 
a single contractor concept was selected for development on the basis 
of the overall adaptability to maintenance/repair/service of LST by 
utilizing EVA. Boeing/Itek LST concept. Figure 2.4-2, was selected for 
EVA application development. 



The basic LST concept is composed of three functional elements designated 
as an Optical Telescope Assembly (OTA), Scientific Instruments (SI), and 
Support Systems Module (SSM) as shown in Figure 2.4-3. All unique equip- 
ment required to support on-orbit operations, including deployment, 
recovery, and maintenance is supplied as Space Support Equipment (SSE). 
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SUN RAY 


CHARACTERISTICS 

LENGTH (STOWED): 
EQUIP. SECTION DIA: 
SOLAR PANELS: 

SSM WEIGHT: 

LST WEIGHT: 


13.2 M. (520 IN.) 

4.2 M. (167 IN.) 

19.1 M? (206 FT?) PER PANEL 
3765 KG. (8,300 LB.) 

7439 KG. (16,400 LB.) 


FIGURE 2.4-2: LST Configuration--Prel iminary (Boeing SSM and Itek OTA/SI Concepts) 
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149.50 in, 
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83.00 in. (2.1 m.) 
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FIGURE 2.4-3: Basic LST Concept Functional Elements (SSM-OTA-SI) 
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The OTA consists of the optics and supporting structure; thermal, perfor- 
mance and fine guidance subsystems; electrical distribution, and command 
and telemetry subsystems (not RF transmission). Included are the following 
elements: 

• Mirrors 

0 Mirror mounting and metering structure 
0 Fine guidance sensors 
0 Focal plane structure 

0 Optical performance sensors end control systems 
0 Internal light baffles 
0 OTA mounted electrical cabling 
0 Thermal controllers and heaters 
0 Interface structure between the OTA and the SSM. 

The OTA is a 2.4-m. (effective aperture) Ritchey-Chretien form of a 
Cassegrainian two-mirror telescope. The primary mirror focal ratio is 
f/2.45 with an overall telescope system focal ratio of f/24. The unit will 
operate in the spectral range of 90 nm to 1 mm with a spatial resolution of 
0.05 arc-second at 632.8 nm. The focal plane assembly provides the capa- 
bility to support four axial SI positions and also supports the SSM rate 
gyros and course acquisition star trackers (Figure 2.4-4). 

The SI subsystem consists of all individual scientific instruments. 

Selected support equipment including optics, electronics, sensors, position- 
ing mechanisms, thermal control, self-calibration, and the structure located 
at the telescope focal region (which are dedicated solely to the support of 
scientific instrumentation) are also part of the Si's. Table 2.4.1 identi- 
fies the instruments under study for use on the LST. The primary function 
of the Si's is to convert the OTA focal plane energy into scientific infor- 
mation. The individual instruments were designed (conceptual; with the 
intention of modular replacement, both in orbit and on the ground. When 
the final selection of instrumentation for the LST is complete, the 
instruments will be packaged in four modules for axial mounting on the 
aft side of the OTA focal plane assembly. Individual instruments or support 
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TABLt 2,4,1: Science Instruments Under Study for LSI 


PHYSICAL SIZE 


meter 


SCIENCE INSTRUMENT (Acronym) 


High Resolution Spectrograph (HRS) 
Faint Object Spectrograph (FOS) 
High Resolution Cameras (HRC) 

$ F/24 Field Camera 

a F/48 Planetary Camera 
0 F/96 Planetary Camera 

High Speed Area Photometer (HSAP) 
Infrared Photometer (IRP) 
Astrometry Instrument (ASTRO) 


Note: The instruments listed may not be the final choice for the LST. 

Physical size and weight values are preliminary estimates. 


0.81 5x0.875x1 .700 

2.674x2,871x5.578 

0.270x0.620x1.200 

0.886x2.034x3,937 

0.300 dia. xl .050 

0.984 dia, x3.445 

0.300x0.850x1.820 

0.984x2.789x5.971 

0.328x0.410x2.400 

1.076x1.345x7.874 

0.150x0,250x0.770 

0.492x0.820x2.526 

1 .125x1 .860x1.860 

3.691x6.103x6,103 

Information 

not available 


WEIGHT 

kg. 

lb. 

295 

650 

134 

295 

90 

198 

120 

264 

i 160 

353 

i 

25 

55 

182 

401 
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subsystem "black boxes" will also be mounted on the focal plane structure. 

The SSM consists of structural and mechanical elements including environ- 
mental control;, electrical power, instrumentation and communications, data 
management, crew systems and pointing control subsystems. In addition to 
the structure fo*^ mounting and enclosing the SSM subsystems, the structural 
and mechanical elements include the cylindrical structure around the OTA and 
SI, the associated thermal control surfaces, light baffles and sun shield/ 
aperture door forward of the secondary mirror, meteoroid shields, and 
docking/berthing structure. The reference gyros and acquisition star 
trackers are also SSM components mounted on the OTA focal plane assembly. 

2. 4. 1.4 LSI EVA Requirements 

For the 1ST to achieve the contemplated 15-year operational life, periodic 
service and maintenance will be required. Two maintenance modes, on-orbit 
and earth-return (see Figure 2.4-1), are being studied to determine the 
most cost effective combinations and frequency for the 1ST to retain 
operating proficiency and to upgrade the scientific capability. The 
return of the 1ST to the earth by the Space Shuttle has been established 
as the primary mode for accomplishing major refurbishment (Reference 2,4.1). 
The on-orbit mode will utilize EVA and consist of replacing malfunctioning 
and/or life-limited components, updating instruments, and visual inspections. 

An 1ST Mission Operations Center (MOC) will be responsible for all space- 
craft in-flight operational activities, including the on-orbit maintenance 
phase. The MOC will continously monitor 1ST performance and by using the 
on-board diagnostic capability, perform fault detection/isolation and 
redundancy management (from the ground) to identify failures and degraded 
systems. Maintenance call-up criteria will be based upon redundancy 
depletion and/or all Si's being inoperative. A complement of replacement 
hardware supplied from a ground maintenance spares inventory, with 
selection based on established standards and MOC status evaluation, will 
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be carried into orbit by a Shuttle Orbiter for in-flight EVA performed 
maintenance of the LSI. 

The LSI is being designed (Phase B-Design and Program Definition) to pro- 
vide the Orbiter crew with the capability for on-orbit servicing and 
maintenance. The requirements and guidelines established to satisfy such 
a design include the following (Reference 2.4.1); 

» The 1ST shall have a capability for on-orbit servicing by space- 
suited astronauts, on initial launch and on a sustained basis with 
instrument replacement included. 

• A major design goal shall be to provide EVA access to all 1ST 
components or modules. 

« EVA crew aids shall be included in the LST design. 

a Access to and replaceability of subassemblies within the Si's by 
suited astronauts shall be provided where feasible. 

& The LST spacecraft envelope shall allow 48-inch clearance (1.2 m.) 
of the forward payload bay bulkhead for EV crewmen egress/ingress. 

a All deployable appendages shall be designed for manual override 
capability to insure retrieval and return of the LST to earth. 

a Critical systems, particularly subsystems whose failure would 
jeopardize recovery of the LST or affect crew safety, shall be 
designed to preclude single point failure. Fail safe mode of 
operation is required to ensure retrieval. 

a The LST shall be equipped with appropriate protective devices and 
provisions to react to all credible LST-generated hazards includ- 
ing mission peculiar support equipment. Hazards associated with 
the LST or the deployment/ retrieval procedures shall not prevent 
safe termination of the Shuttle mission. The LST will have 
specific equipment, devices, and procedures to protect the LST, 
Space Shuttle, and crew from hazards which may result from LST 
related activities. 
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0 Components or modules designated as replaceable in orbit shall 
provide connectors that permit operation by a crewnan's gloved 
hand. 

® Operations which can be performed by one crevmnan are preferred; 
however, operations requiring two may be considered. 

0 Diagnostic capability, as a minimum, shall include test points 
in all on-orbit replaceable components or modules within each 
system so that remote checkout from the ground can be conducted 
for system performance verification, malfunction detection and 
fault isolation in orbit. 

« In designing to achieve system reliability, the priorities shall 
be implemented as follows; 

- Man and Vehicle Safety {i.e., the safety of the crew and vehicle 
during launch, EVA, and return-to-ground operations) 

- Retrieval (systems that are required to be operational in order 
to retrieve the LSI for orbital maintenance or return to earth) 

- In-Orbit Maintenance (failure detection and system diagnosis of 
components which are accessible for maintenance in orbit; 
ability to detect that failure has occurred and ability to 
analyze the nature and cause of a failure) 

- Failure of observatory level systems (any module or factor that 
could prevent jhe receipt of useful data from all or the 
majority of Si's) 

- Failure of SI level systems (any module -t factor that could 
prevent the receipt of useful data from a scientific instrument) 

Classification of EVA tasks currently being designed into the LSI during 
the Phase B study fall into the "planned EVA" and "unscheduled EVA" 
operational categories (definitions established in Section 2.1.1 of this 
report). The planned EVA tasks include provisions for full maintenance of all 
short life items externally accessible on the SSM, OTA focal plane assembly 
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and SI modules. The unscheduled EVA tasks are associated with LSI con- 
tingency deploimient e\nd/or retrteyal mechanism failures. Major subsystems 
of the LST payload are described in subsequent sections to identify com- 
ponents/modules and operations which benefit from the planned and unsched- 
uled EVA capabilities including applications in the "contingency" and 
"potential planned" EVA operational categories. Design details were some- 
what limited during this study since the preliminary LST design definition 
program was not scheduled for completion until mid-1976, 

2,4.2 LST Payload Description 

The conceptual design of the LST will be developed to a point in the 
definition phase preparatory to initiating detailed preliminary design by 
mid-1976. The critical design and development phase is anticipated to 
start in early 1977 with the selection of six contractors, one SSM, one OTA, 
and four SI. The LST candidate EVA applications described in subsequent 
sections of this report were derived from References 2.4.1 through 2.4.3 
and are subject to change as development proceeds. 

The LST allowable weight, including all payload chargeable support equip- 
ment, is not to exceed 25,000 lb. (11,340 kg.). This excludes weight allow- 
ances for the Shuttle Orbiter OMS (Orbital Maneuvering System) kits and 
propellant required to place the LST into the desired orbital location. The 
Orbiter payload bay length available for the LST lies between longitudinal 
stations 630 and 1184 which allows for an OMS tank kit length of 118 inches 
(3.0 m.) and EV cnswmen egress/ingress cleanance of 48 inches (1.22 m.). 

The available payload bay dimensions 14.6 m. (180 in.) dia. by 14.1 m. 

(554 in.) long] -must accommodate the LST spacecraft, associated space 
support equipment (SSE), payload support structures, deployment/retrieval 
mechanisms, and handling clearance. 

2.4. 2.1 Support Systems Module (SSM) 

The LST Support Systems Module consists of three major structural sections: 
(1) forward shell, (2) equipment sections, and (3) aft shell. The 
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sections enclose and/or support the various 1ST equipment as shown in 
Figure 2.4-5, The SSM is subdivided into the following seven subsystems; 

e Structures and Mechanical Subsystem (S&MS) 

® Thermal Control Subsystem (TCS) 

® Electrical Power Subsystem (EPS) 

0 Pointing Control Subsystem (PCS) 

© Instrumentation and Communication Subsystem (I&CS) 

9 Data Management Subsystem (DMS) 

e Crew Systems 

Table 2.4.2 provides a preliminary listing of major equipment items compris- 
ing the subsystems, including quantities and estimated unit weights. Also 
included in the table is a list of the currently conceived Space Support 
Equipment (SSE) required to aid LST deployment, retrieval and on-orbit EVA 
maintenance operations. The location of equipment items accessible to the 
EV crewman in the SSM equipment section are shown in Figures 2.4-6 and 2.4-7, 
LST sun side and anti-sun side, respectively. Currently, seven of the 26 
equipment bays are available as growth margin (i.e., bays 8A, 8B, 9A, 9B, 
lOA, lOB, and 13B are unoccupied). 


2 . 4 . 2 . 1 . 1 SSM Structures and Mechanical Subsystem 

The SSM structure comprises the entire outer shell of the LST with an over- 
all length of 13.2 m. (43.3 ft.). In addition to providing the primary 
load bearing members, the shell provides thermal and contamination control 
and meteoroid protection for the OTA/SI elements of the LST. Descent and 
ascent venting mechanisms, sized to result in a maximum pressure different- 
tial of 0.15 psi, are provided in the SSM shell structure. The configura- 
tion consists of three cylindrical aluminum shell structures; forward, 
equipment) and aft (Figure 2.4-5). 


The 3.0 m. (10 ft.) diameter forward shell is 7.7 m. (25.4 ft.) in length 
and subdivided into the center and fixed light shield subsections. Eight 
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FIGURE 2.4-5: LST/SSM Configuration, Equipment Location, and Physical Characteristics 
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TABLE 2.4.2; LST/SSM Equipment Summary and Characteristics 
(Preliminary Boeing Concept and Estimates.) 


SUBSYSTEM 

ASSEMBLY 

Quantity 

Unit Weight | 

Per LST 

lb. 

kg. 


Solar Panel Structure 

2 

169 

76.6 


High Gain Antenna (H6A) Support Structure 

2 

17 

7.7 


Forward Aperture Door 

1 

163 

73.9 


SSM Aft Shell Access Door (V2 Axis) 

2 

50 

22.7 


SSM Aft Shell Access Door (V3 Axis) 

2 

25 

11.3 1 


Docking Attachments 

2 

7 

3.2 1 

Structures 

Solar Panel Deployment Mechanism 

2 

2 

0.9 1 

And 

HGA Deployment Mechanism 

2 

2 

0.9 

Mechanical 

Forward Aperture Door Mechanism 

1 

19 

8.6 


SSM Aft Door Mechanism 

4 

5 

2.3 


Solar Panel Articulation Mechanism 

2 

9 

4.1 


HGA Articulation Mechanism 

2 

10 

4.5 j 


HGA Recinching Mechanism 

2 

14 

6.4 


Solar Panel Recinching Mechanism 

2 

23 

10.4 


Actuators 

15 

6 

2.7 


Louvers (On Battery Chassis) 

10 

0.7 

0.3 


Multilayer Insulations 

1570 ft^ 

0.1/ft2 

0.5/m^ 

Thermal 

Thermal Control Coatings (Paint) 

1 



Control 

- White (DC 92-007) 

1365 ft2 

0.054/ft2 

0.3/m^ 


- Black (3M Black Velvet) 

784 ft2 

0.022/ft2 

0.1/m^ 


Heaters 

75 to 100 

0.1 

0.05 
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TABLE 2.4.2: LST/SSM Equipment Summary and Characteristics (Continued) 

(Preliminary Boeing Congept and Estimates.) 


SUBSYSTEM 

ASSEMBLY 

Quantity 

Unit Weight | 

Per LST 

lb. 

kg. 


Solar Panels (less structure) 

2 

Ill 

50.3 


Battery (20 A-H) 

10 

53 

24.0 


Battery Charge Controller 

10 

7.5 

3.4 

Electrical 

Shunt Controller 

2 

2.5 

1.1 

Power 

Shunt Load 

8 

2.25 

1.0 1 


Power Control Unit 

1 

20 

9.1 j 


Load Distribution Unit 

4 

2.5 

1.1 


Cabling 

TBD 

300 

136.1 


Reference Gyro Assembly 

2 

7 

3.2 


Star Tracker With Bright Object Detector 

3 

13 

5.9 


Star Tracker Shades 

3 

3 

1.4 i 


Sun Sensors 

2 

1.3 

0.6 1 

Pointing 

Magnetometer 

2 

2 

0.9 

Control 

Reaction Wheels And Electronics 

4 

43 

19.5 


Input/Output Assembly 

2 ! 

20 

9.1 


Magnet Control Electronics 

2 i 

5 

2.3 


Electromagnets 

4 

74- 

33.6 


Secondary Control Electronics 

1 

3 

1.4 


Appendage Control Assembly 

2 

3 

1.4 


S-Band Transponder 

2 

10.3 

4.7 


S-Band Transmitter 

2 

6.8 

3.1 
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TABLE 2.4,2: LST/S3M Equipment Summary and Characteristics (Continued) 

(Preliminary Boeing Concept and Estimates.) 


SUBSYSTEM 

ASSEMBLY 

Quantity 

Unit Weight | 

Per LST 

lb. 

kg. 


RF Power Amplifier 

2 

7.5 

3.4 

Instrumentation 

Modulation/Demodulation Unit 

2 

4 

1 .8 

And 

RF Switch Assembly 

11 

1.1 

0.5 1 

Cotmiuni cation 

High Gain Antenna (HGA) 

2 

25 

11.3 


HGA RF Cable Set 

2 

9 

4.1 


Low Gain Antenna (LGA) 

4 

1 

0.5 


LGA RF Cable Set 

4 

9 

4.1 


Data Aquisition 





Central Telemetry Control 

1 

8 

3.6 


Remote Data Aquisition Unit 

12 

3 

1.4 


Bulk Storage Memory 

1 

4 

1.8 


Command Control 





Central Command Control 

2 

5 

2.3 


Remote Command Decoder 

11 

1 

0.5 

Data 

Command Storage Memory 

2 

5 

2.3 

Management 

Data Storage 





10® Bit Tape Recorder 

3 

30 - ^ 

13.6 


Clock 





Oscillator 

2 

2 

0.9 


Science Data 





Data Control Assembly 

1 

5 

2.3 
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TABLE 2,4.2: LSi/SSM Equipment Summary And Characteristics (Continued) 

(Preliminary Boeing Concept And Estimates.) 


SUBSYSTBi 

ASSEMBLY 

Quantity 
Per LST 

Unit Weight f 

lb. 

kg. 

Data 

Management 

(Continued) 

Computer 

Processor 

2 

35 

15.9 


Handholds 

20 

0.5 

0.2 


Fixed Foot Restraints 

10 

1 

0.5 

Cre\ij 

Translation Handrails 




Systems 

Longitudinal 

5 

5 

2.3 j 


Circimiferential 

7 

7 

3.2 j 


Lights (Fixed) 

3 

2 

0.9 


LST - P/L Bay Umbilical Cable 

1 

Not 

Available 


Caution And Warning Panel 

2 




Umbilical Disconnect/Reconnect Mechanism 

2 




Portable Foot Restraint 

1 



Space 

Equipment Transfer Rod 

1 



Support 

SI Module Guide Rod 

2 



Equipment 

Stabilizing Strut 

1 




Spare Equip. Rack, SSM Equipment 

1 

* 



Spare Equip. Rack, SI Modules 

1 




Portable Lights 

2 




Cargo Bay Translation Rod 

1 




Tethers (Equipment) 

6 


1 


' Tool Kit 

2 
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FIGURE 2.4-^: LST/SSM Equipment Location by Subsystem - Sun Side 
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internal light baffles (Ref. Figure 2.4-3) and smooth cylinder walls coated 
with high absorbent finish make up the SSM portion of the LSI stray light 
attenuating network. The forward aperture door is closed and latched to 
the forward end of the light shield for optical contamination control 
during ground, launch, and on-orbit maintenance operations. The door also 
provides protection against destructive sun viewing by automatically 
closing when a sun presence signal is indicated by the forward mounted sun 
sensor (sun within 40 degrees of the +V1 axes), Two high gain antennas 
(HGA) and two solar panel recinching mechanisms are m.^unted externally on 
the center forward shell structure. 

The equipment section, 1,5 m. (61 in.) in length and 4.2 m. (167 in.) out- 
side diameter, has an inner shell diameter of approximately 3.0 m. (118 in.). 
The structure. Figure 2.4-8, incorporates four LST-to-Orbiter load retention 
(Interface) attachment fittings and three optical telescope assembly 
attachment areas. Solar array and antenna appendages are mounted exter- 
nally. Other crew accessible SSM equipment is mounted internally and/or on 
hinged chassis in 19 of 26 equipment bays. The remote manipulator inter- 
face fitting and docking target are also located on the equipment section 
for capture, release and control of the LST during deployment, retrieval 
and docking operations with the Orbiter. 

The aft shell. Figure 2.4-9, is 3.5 m. (137 in.) in length with an external 
diameter of 4.0 m. (157.5 in,). The 3.8 m. (149 in.) internal diameter 
shell forms the aft closure of the LST and provides protection for the SI 
modules, OTA and SSM focal plane mounted equipment. Four non-structurai 
radial doors in the shell provide crew access to the equipment. Two large 
doors on the V2 axis allows access to the Si's and two small doors on the 
V3 axis provide access to the OTA focal plane assembly. The shell incor- 
porates star tracker ports and mounting provisions for docking acquisition 
and orientation lights. LST-to-Orbiter docking attachment (interface) 
fittings, umbilical connectors and docked stabilizing strut attachment 
provisions are located on tt.e aft shell exterior. 
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Crew accessible appendage mechanisms include the forward aperture door, 
solar arrays (2), and high gain antennas (2). The aperture door open/close 
mechanism incorporates an automatic override to ensure closure for pro- 
tection of the optical systems from sun exposure. In addition to the 
deployment/retraction and latching mechanisms, the solar array and high 
gain antenna (HGA) also have articulation mechanisms, A common spur gear 
actuator design was tentatively selected for all mechanism applications. 

A total of 15 actuators {function and location identified In Figure 2.4-10) 
is employed on the five appendages. Manual override capability is pro- 
vided in each mechanism design to allow deployment and stowage in the 
event of actuator failure. In the case of a jammed mechanism, EVA 
assisted jettison capability is being considered in the design of the solar 
arrays and HGA deployment/retraction booms. 

The Shuttle Orbiter remote manipulator system will be used to automatically 
deploy and/or retrieve, dock, and berth the 1ST. Acquisition and 
orientation lights on the 1ST provide the crew visual tracking aids during 
rendezvous and station keeping. The retrieval, docking and berthing 
sequence, including crew accessible equipment details, is shown in Figure 
2.4-11. The deployment sequence would be the reverse of that shown In 
Figure 2.4-11. As noted on sheet 2 of the figure, the LST/Orbiter 
umbilical connection is incorporated into the left side docking mechanism. 
The docking concept for on-orbit maintenance (Figure 2.4-12) utilizes an 
EVA manually installed stabilizing strut during the maintenance period. 


EVA tasks applicable to the SSM structures and mechanical subsystem have 
been identified in each of the four EVA operational categories described 
in Section 2.1.1. Installation and removal of the stabilizing strut for 
1ST on-orbit maintenance is a planned task. Inspection, monitoring, 
servicing, replacement, and manual override operations of appendage mech- 
anisms are unscheduled EVA tasks. (The initial hardware design incorporates 
the necessary flexibility to permit EVA operations.) Contingency functions 
include jettisoning appendages extending beyond the payload bay envelope 
and manual closing/opening of payload retention fittings. Depending on 
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the final design* replacement of the complete high gain antenna assemblies 
and solar array panels appear to be viable cost effective candidates for 
potential planned EVA tasks. Manual backup provisions to the LST/Orbiter 
umbilical and functional check of descent vent mechanisms are also in the 
potential planned EVA category. 

2. 4. 2, 1.2 SSM Thermal Control Subsystem 

The thermal control subsystem (TCS) provides temperature control for the 
SSM equipment and the SSM/OTA/SI interfaces for all mission phases. The 
basic TCS concept uses cold biasing and thermal decoupling of the three 
major structural sections. The TCS equipment, Figure 2.4-13, uses cost- 
effective passive (coatings, insulation) and semi-passive (heaters, 
louvers) thermal control techniques. The multi-layered insulation (MLI) 
is a thermal blanket type construction build up of perforated aluminized 
mylar layers, nylon net spacers, dacron particle layer and aluminized 
beta-cloth outer and inner surfaces. Heaters (75 to 100 units) are used 
to compensate for cold biasing and control temperature during cold 
conditions. The thermal control coatings provide the cold-biased design 
for hot conditions. 

The forward shell and aperture door use optical interior coatings and 
thermal control exterior coatings. In addition, the center section ejcterior 
is covered with insulation. The equipment section uses thermal control 
coatings with exterior MLI. As shown in Figure 2.4-14, the thermal blanket 
installation allows on-orbit chassis and/or equipment replacement. A 
combination of heaters, insulation, and thermal control coatings is used on 
the HGA and solar panel appendages and operational mechanisms. Louver 
assemblies, incorporated on each of the battery chassis, minimizes 
temperature transients on the batteries. An estimated 75 percent of the 
exterior aft shell surface, cylindrical sides and honeycomb core aft bulk- 
head is covered with MLI. Thermal control coatings are applied to both 
the interior and exterior structural surfaces of the aft shell. 
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Based upon xhe TCS conceptual configuration and components » all EVA tasks 
identified are classified in the unscheduled EVA category. 

2. 4. 2. 1.3 SSM Electrical Power Subsystem 

The electrical power subsystem consists of solar arrays, rechargeable 
batteries, and power conditioning and distribution equipment with applicable 
interconnecting cabling. The 3000 watt {Q 6 year end-of-life) output solar 
array is of the rigid configuration type composed of two main panels (16 
subpanels) which weigh 126 kg. (280 lbs.) each. Each 19.2 m^ (206 ft^) panel 
is supported on a deployable 30 cm. (12 in.) diameter boom with a 180 degree 
single-axis tilt capability. Command interruptable power is supplied to 
each SI and the OTA by the SSM single point ground system. The LST/Orbiter 
power umbilical (Figure 2.4-11, Sheet 2) provides power from the 
Orbiter fuel cell system for all the 1ST power requirements during launch, 
ascent and pre-deployment checkout. The power source is then switched to 
the SSM solar array and/or batteries at orbital deployment orientation. 

During on-orbit maintenance, power is again provided by the Orbiter after 
the umbilical is connected. The 24-32 VDC parallel redundant power system 
equipment accessible to the crew is summarized in Table 2.4.2. Thirty-five 
units, consisting of seven different assemblies, are either chassis or 
structure mounted in eight equipment bays located on the anti-sun side of 
the vehicle (Figure 2.4-7). 

The EVA applications in the EPS are grouped in the planned and unscheduled 
categories. Potential planned EVA task candidates include on-orbit replace- 
ment of solar array panels (2) and electrical cables. 


2. 4. 2. 1.4 SSM Pointing Control Subsystem 

The pointing control subsystem provides the 1ST with maneuver capability 
and momentum management for scientific target acquisition, fine pointing, 
tracking, and retrieval attitudes. The subsystem, integrated with the 
OHS, has the following seven modes of operation: (1) celestial hold, (2) 

inertial hold, (3) maneuver, (4) pointing, (5) track, (6) backup, and 
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(7) transportation. Four reaction wheels supply a momentum and torque 
capability sufficient to perform a 90 degree maneuver in 20 minutes 
(includes 2 minute settling time). Failure detection and redundancy 
management provide emergency retrieval capability via handover to the back- 
up magnetic (gravity gradient) control mode which can achieve capture 
attitude stabilization in 4 to 6 orbits. LSI flight control is designed 
such that the maximum runaway rate is 0,1 deg/sec with a maximum torque 
(all axes) of approximately 1,4 N-m (1.0 ft-lb) as compared to the Shuttle 
RMS torque capability of 289 N-m (213 ft-lbs) in wrist roll. 


Crew accessible PCS equipment is incorporated in both the SSM and OTA 
elements of the LSI. The SSM items consist of eleven identifiable assem- 
blies (27 total units) which are summarized in Table 2.4.2. The OTA items 
shell bulkhead. The SSM reference gyro assemblies [25x20x13 cm. (10x8x5 in.)], 
star trackers £14x15x30 cm. (5.5x6x12 in.)], and OTA items are mounted on the 
are located externally on the fixed light shield and center SSM forward 
shell sections, respectively. The magnetometers are located on the SSM aft 
shell bulkhead. The SSM reference gyro assemblies 25x20x13 cm. (10x8x5 in.), 
star trackers 14x15x30 cm, (5.5x6x12 in.), and OTA items are mounted on the 
OTA focal plane assembly (Ref. Figures 2.4-4 and 2.4-5) and are accessible 
through the V3 axis aft shell doors. The star tracker shades extend 
through the aft shell structure ports and interface the tracker units 
through a flexible bellows assembly. The remaining PCS assemblies are 
chassis mounted in six equipment bays on the sun side of the SSM (Ref. 

Figure 2.4-6). 

EVA applications in the PCS are grouped into the planned and unscheduled 
categories and consist of component replacement based on operational life 
limitations and/or malfunction. No PCS EVA tasks have been identified 
in either the contingency or potential planned categories. 


2. 4. 2. 1.5 SSM Instrumentation and Communications Subsystem 


The SSM instrumentation and communications subsystem (I6CS), when 
integrated with the DMS, collects and disseminates all engineering and 
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science data between the 1ST subsystems and the ground. The LST primary 
communications link with the ground will utilize the Tracking and Data 
Relay Satellite System (TDRSS). The subsystem will include the capability 
to use the Spacecraft Tracking and Data Network (STDN) as a supplemental 
or backup link. When in the Shuttle Orbiter payload bay, communications 
between the LST and ground will be routed through the Orbiter system. The 
dual redundant communications configuration will utilize the S-band radio 
frequencies between the TDRSS single access and multiple access antenna 
links which will be available to the LST 33 and 85 percent of each orbit, 
respectively. The subsystem will transmit realtime and delayed time play- 
back engineering and science data from the LST and also receive realtime 
or time-tagged command data from the ground. 

Instrumentation sensors and associated signal conditioning equipment 
definitions were not available during this study (early 1976). However, 
preliminary communications equipment accessible by the crew is summarized 
in Table 2.4.2. The two high gain antennas (HGA) are mounted on 13 cm. 

(5 in.) diameter, 2.9 m. (113 in.) long deployable booms located on the 
+V3‘ axes of the equipment section (Ref. Figure 2.4-5). Each one-meter 
diameter parabolic disk HGA is steerable, with simultaneous dish and boom 
motion, and allows maximum data coverage via TDRSS. The low gain antenna 
(LGA) configuration consists of two receive and transmit units which provide 
isolation for the command receive, high power transmit, and S-band single 
access transmit frequencies. A pair of LGA's is mounted on support 
structures located at the end of each solar panel boom (Ref. Figure 2.4-5). 
The remaining I&CS equipment is located in two bays, 6A and 6B, on the sun 
side of the SSM equipment section (Ref. Figure 2.4-6). 

The I&CS "back-box" equipment is generally being designed to be serviced 
or replaced by using planned or unscheduled EVA operational modes. Antenna 
replacement is a candidate for potential planned EVA tasks. With the 
exception of jettisoning the HGA parabolic dishes (if not manually 
positionable for LST recovery), no contingency EVA operations have been 
identified for the I&CS. 
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2. 4. 2. 1.6 SSM Data Management Sufasystetn 

The data management subsystem is merged with the I&CS for Interfacing 
other vehicle subsystems, thereby allowing the LST the capability to 
function in a real time or stored command mode. The subsystem provides 
data acquisition and storage, command control, timing, and the computing 
functions related to the SSM, OTA, and SI engineering housekeeping and 
scientific operations. The preliminary DMS baseline design concept uses 
a decentralized approach and consists of an SSM computer and data handling 
subsystem, SI mini computers, SI sequencers, and buffer memories. The data 
acquisition and command control requirements are satisfied by using bi^ 
directional partyline equipment interfaced with the computer. 

The SSM/DMS equipment assemblies accessible to the crew are sunmarized in 
Table 2.4.2 and comprise 10 different units. An estimated 37 assemblies are 
located primarily in three SSM equipment section bays (Ref. Figures 2.4-6 
and 2.4-7) and one or more remote units on fourteen cha§ses. In addition, 
it is proposed that the SSM furnish an estimated 26 remote untts (6-data 
acquisition, 20-command decoder) to the OTA and SI elements for mounting 
on the focal plane structure. 

The DMS consists of all "black box" components which are designed for 
internal vehicle mounting. Therefore, planned or unscheduled EVA can be 
conducted to service equipment units which are operationally life-limited 
and/or malfunctioning. No contingency EVA requirements were identified 
relative to the DMS. 

2. 4. 2. 1.7 SSM Crew Systems 

The LST crew systems equipment (man-machine) interfaces with all other SSM 
subsystems to assure that EVA orbital maintenance capability is incorporated 
into the hardware design. Within the scope of the maintenance capability 
definition, equipment packaging and layout are optimized and EVA support 
equipment provided to maximize crew efficiency and safety. The crew aids 
include fixed and portable translation, restraint, and lighting equipment 
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as summarized in Table 2.4.2 under crew systems and space support equipment 
(SSE). The summary also includes equipment transfer devices for handling 
replacement hardware items. The storage and restraint for the portable 
crew aids, tools, and equipment spares are provided by spare equipment racks 
to be over the OMS tank kit(s). It should be noted that additional lighting 
may be required at the aft end of the payload bay to provide adequate 
illumination of the LST anti-sun side. Preliminary crew systems and space 
support equipment concepts for LST on-orbit maintenance are depicted in 
Figure 2.4-15. Translation handrails, handholds, foot restraints (fixed 
or portable) and tether attach points are provided for access to all work- 
sites on the exterior shell and the internal aft shell of the LST, Final 
configuration of crew systems EVA support equipment will not be defined 
until the vehicle hardware design and maintenance capability required are 
firmly established. 


2.4. 2. 2 Optical Telescope Assembly/Scientific Instruments (OTA/SI) 

The 2767 kg. (6100 lb.) optical telescope assembly (OTA) is housed within 
the SSM outer shell structure (Ref, Figure 2.4-3) and supported through 
three-120 degree radially spaced flexure attachments (Ref. Figure 2.4-4). 
The flexure attachments interface at the SSM equipment section aft bulk- 
head (Ref. Figure 2.4-8) and OTA focal plane assembly structure. The 
adjustable two-mirror system is mounted within a 2.9 m. (114.3 in.) 
diameter metering structure supported from the forward face of the focal 
plane assembly. Four axially mounted scientific instrument modules, 
supported from the aft side of the focal plane assembly, contain the 
various instrument (Ref. Table 2.4.1) systems. Each SI module, approx- 
imately .76 m. (30 in.) square by 2.1 m, (83 in.) in length is limited 
to 340 kg. (750 lbs.) maximum weight or 907 kg. (2000 lbs.) for the four 
units. Additional scientific Instruments and/or support subsystem 
black boxes are mounted on the focal plane assembly structure along with 
the OTA associated sensors, electronics, SSM star trackers and reference 
gyros. Optical contamination monitor gages located near sensitive areas 
(i.e., optics, SI slits, light baffles) will be used to qualify data 
reduction. The equipment items located on the focal plane assembly are 
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arranged to allow the removal of individual units on-orbit. Self-al ignment 
devices and insertion guides will be provided for replacing instruments 
to minimi 2 e the need for excessive EVA crewmen dexterity and specialized 
maintenance skills. The precision design and critical alignment requirements 
imposed upon the internal assemblies of the OTA and scientific instruments/ 
modules preclude the need for on-orbit EVA interior access. Because of the 
potential contamination deposition on OTA/SI sensitive areas and the 
resultant affect on data quality, no EVA tasks are currently planned 
relative to the SSM forward shell or OTA metering structure interior. How- 
ever, EVA inspection, cleaning and monitor replacement tasks have been 
identified in the potential planned category (assuming changes would be 
made to reduce EMU generated contamination products within acceptable 
limits). The IR instrument will use two-stage cryogenic cooling for the 
detectors. The present design requirement (Ref. 2.4.1) is to supply 
cooling of the detectors for a minimum duration of 12 months, A cost 
effective potential planned EVA may be applicable to reservice the cryo- 
genic fluid dewars rather than instrument change out. The on-orbit LST 
maintenance capability will include full service and replacement of all 
life limited OTA/SI equipment units mounted on the focal plane assembly, 
taking advantage of both the planned and unscheduled EVA modes. 

2.4.3 LST EVA Task Description 

2.4.3. 1 LST Planned and Unscheduled EVA 

The LST preliminary design and program definition studies have included 
investigation of on-orbit maintenance as a viable means of reducing initial 
as well as life-cycle costs. The project requirements and guidelines 
specify that capability for on-orbit service and maintenance by suited 
crewmen, both on initial launch and on a sustained basis, be designed into 
the LST. Preliminary contractor (Boeing) maintenance analysis has further 
defined the capability to provide the following; 
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0 Full scheduled and unscheduled planned maintenance of expected 
wearout items accessible externally on the SSM and on the 
focal plane assembly including the SI modules 

# Contingency (unscheduled) maintenance for deployment or 
retrieval failures (i.e., provide manual override). 

This capability coincides with the planned and unscheduled EVA operational 
categories as defined in Section 2,1.1 by this study. Planning beyond the 
above contractor defined EVA capability discloses additional equipment 
items in which EVA can be employed to return a subsystem to operational 
status. From an analysis of available LST information EVA tasks were 
identified and classified as planned or unscheduled EVA and are listed 
in Table 2.4.3 by vehicle element. The unaided EVA operational mode 
provided by the Shuttle Orbiter was selected to support the task functions. 
Other applicable EVA operational modes which could be adapted to complete 
the identified tasks are EVA on RMS and EVA with MMU. 

2.4.3. 2 LST Contingency EVA 

Contingency EVA is a viable approach to correcting LST problems on-orbit. 
Analysis discloses that payload associated problans involving systems which 
extend beyond the payload bay envelope may require EVA to implement 
corrective action for safe Orbiter return. Contingency EVA tasks based 
on postulated anomolies are identified in Table 2.4.3. EVA would be used 
to perform corrective actions or override the subsystems to retract the 
hardware. EVA appears highly applicable as a backup to auto deployment/ 
retraction systems for the LST since the solar array panels and high gain 
antenna booms are deployed once at mission initiation and are retracted 
at mission termination. Assuming a second order failure, a malfunction 
of the override mechanism would necessiate a contingency EVA to jettison 
the systems and enable payload bay door closure to ensure safe crew and 
Orbiter return. The unaided EVA mode was selected to support the task 
functions in the contingency EVA category; however, the EVA with MMU 
operational mode would also be applicable. 



2.4-44 



svtsfnoa ~ii3i\iisioa^iAi 
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2. 4. 3. 3 1ST Potential Planned EVA 

An analysis of the LSI, Orbiter and EVA support equipment has revealed a 
number of hardware design changes and/or flight planning alternatives 
which would permit advantageous use of EVA capabilities. For purpose of 
this study, the candidate EVA activities associated with such changes are 
classified in the potential planned category (as defined in Section 2.1.1) 
and are listed in Table 2.4.3. 

The on-orbit servicing/replacement of additional SSM equipment (i.e.» in 
addition to currently plan.ied EVA operations), including complete deploy- 
able appendage assanblies, using EVA and the RMS should be studied by 1ST 
designers. Considerations should be given to providing EVA manual backup 
capability in the design of such automated systems as the LST/Orbiter 
umbilical equipment and payload interface retention mechanisms in order to 
enhance overall 1ST mission success. Due to the long non-performance 
periods, EVA application should be considered as a means of functionally 
verifying the payload descent vent mechanisms (pressure equilizatioo) 
operation prior to earth return. The on-orbit maintenance tasks applicable 
to the OTA/SI elements could be increased signficantly by providing a 
minimum contamination mode of operation for the EMU. Assuming an RMS 
failure, use of EVA with the MMU should be reviewed as a potential backup 
mode for deployment and/or retrieval and berthing the LST payload with 
the Shuttle Orbiter. 

2. 4. 3. 4 LST EVA Task Definition 

Analysis of the LST preliminary payload design and program definition has 
resulted in the identification of characteristic tasks within the capa- 
bilities of EV crewmen and the EVA support systems. The tasks listed in 
Table 2.4.3 ire not intended to be a design review of the payload or 
associated support systems but rather to illustrate the significant range 
of EVA capabilities available to the payload community and acquaint EVA 
system designers with payload requirements. The tasks listed in Table 
2.4.3 are typical of the twelve classifications defined in Table 2.1.1 
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and require specific sub- task performance for completion. EVA task out- 
lines are developed in subsequent subsections to define the requirements, 
identify sub-tasks and provide supplementary information associated with 
the major task functions. Typical EVA tasks were selected to develop 
representative EVA mission scenarios; preliminary EVA procedures and 
timelines were developed from the scenarios. 

2.4.4 1ST EVA Mission Scenarios, Timelines and Procedures 

The LST preliminary design and program definition studies have identified 
candidate subsystem equipment for both planned and unscheduled on-orbit LST 
service and maintenance. To demonstrate the versatility of EVA systems 
application, two hypothetical EVA missions were defined from the LST 
representative tasks identified in Table 2.4.3. Several separate tasks 
were selected and combined to develop typical payload EVA servicing missions 
The LST mission scenario no, 1 represents payload operations for scheduled 
maintenance and involves various vehicle/payload subsystems and locations. 
The second LST mission scenario assumes a malfunction of an appendage 
mechanism in the deployed position which impedes safe RMS engagement for 
free space capture and berthing to the Orbiter. 

2. 4.4.1 LST EVA Mission Scenario No. 1 — LST Scheduled Maintenance 

The basis of LST EVA mission scenario no. 1 is planned on-orbit maintenance 
necessary to retain spacecraft operating proficiency. Several tasks were 
selected from the "planned EVA" category identified in Table 2.4.3. A hypo- 
thetical mission was developed by combining the tasks into a typical payload 
service mission using the "unaided EVA" operational mode. 

The principal EVA function in the mission is to remove/replace (ref. Table 
2.1.1) support systems modular equipment and scientific instruments: 

© 3 battery chassis in the SSM equipment section 

0 2 reference gyro assemblies on the focal plane structure 
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• 1 star tracker assembly on the focal plane structure 
® 1 Sr module tn the SSM aft compartment. 

The selection criteria for replacement of the LST units assumed that one or 
more of the following have occurred; (a) operational life limit standards 
approached or exceeded, (b) unacceptable degradation in performance, or 
(c) upgrading scientific capability required. Two EVA crew members are 
employed to effect maximum efficiency in the overall operations. The 
major tasks, principle sub-tasks involved, and task performance rationale 
are contained in Table 2.4.4. 


2.4.4. 2 LST EVA Task Completion Plans — Mission Scenario No. 1 

The LST task completion plans for mission scenario no. 1 provide a preliminary 
set of procedures and timelines to demonstrate that the selected EVA payload 
tasks can be accomplished by application of the Shuttle EVA system. The 
task completion plans identify principle elements of the EVA mission and the 
extravehicular mission support requirements including number of crewmen, EVA 
mission time, translation aids and location, restraints, tools and lighting. 


The EVA timelines and procedures for the planned LST scheduled maintenance 
(mission scenario no. 1\ including identification of payload interfaces 
and special requirements, are provided in Table 2.4.5. Assumptions associated 
with the mission scenario include the following: 


e Two qualified Orbiter crewmembers are available for conducting EVA's. 
A third crewmember is available as required to perform Payload 
Station extravehicular supporting functions. 


e Sufficient crew mobility aids (i.e., handholds, handrails) are provided 
by the payload and/or Shuttle Orbiter to access the LST and spares/ 
support stowage areas from the airlock. 

e Given the requirements for planned EVA, crew mobility aids and 
restraints (i.e., tether attach points, handholds, foot restraints) 
are provided by the payload for access/restraint at each LST worksite. 
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TABLE 2.4.4: LST EVA Tasks- -Mission Scenario No. 1 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RAT ION ALE/ REMARKS 

LST SCHEDULED MAINTENANCE 

Perform a two-man "Planned" EVA to remove 

Assumes replacement required 

0 

and replace support systems equipment and 
LST science instruments as part of sched- 
uled on-orbit maintenance. Replacement 
consists of: 

-3 battery chassis in SSM Equipment Section 
-2 reference gyro and one star tracker on 
the OTA Focal Plane Assembly (FPA) 

-1 SI module tn SSM aft conpartment 

because equipment and Si's 
are operationally life 
limited or performance degra- 
dation has occurred 

1. LST STABILIZING STRUT 
INSTALLATION 

RMS capture, stabilization, retrieval and 
docking of LST to Orbiter in on-orbit main- 
tenance position completed. LST systems 
are in passive maintenance configuration. 
Payload bay lights activated. 

Note: SSE eouioment storage 
racks assumed to be located 
above QMS kit at aft end of 
payload bay. 

• Egress airlock and trans- 
late to equipment stow- 
age racks 

Crewmen translation using handrails along 
payload bay to equipment stowage racks 

Requires crew mobility aids 
to stowage area 

c Ingress foot restraints/ 
unstow stabilizing strut 

Retrieve stabilizing strut after tethering 
to crewman 

Two pair fixed foot restraints 
required at stowage area; 
strut provided as payload SSE 

• Install stabilizing 
strut 

Install stabilizing strut between LST and 
equipment stowage rack 

Required to stabilize LST 
during maintenance and allow 
RMS disengagement 
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TABLE 2,4.4: LST EVA Tasks — Mission Sc‘enario No. 1 (Continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

- -- - 

0 Monitor RMS disengage- 
ment from payload 

Crev/men translate clear of LST; observe 
RMS disengagement and stowage 

Operation from Oriiiter cabin 
payload station; tethered 
crewmen observe operations 
from safe location 

2. PORTABLE LIGHT PLACEMENT 



9 Unstow/ ins tall portable 
lights 

Retrieve and attach portable light assem- 
blies to equipment rack handrail; connect 
and activate lights to illuminate anti -sun 
side of LST 

Lights provided as payload 
SSE to illuminate payload 
exteri or worksites ; Uti 1 ity 
electrical outlets required 
in payload bay 

3. WORKSITE PREPARATION FOR 



BAHERY CHASSIS REPLACE- 



MENT 

• Unstow tools /equipment 

Retrieve EVA support equipment items from 
stowage rack 

Two-man operations; requires 
portable workstation, hand- 
tools, tethers, and equip- 
ment transfer rod provided 
as payload SSE 

Note: From this point EV 

crewmen perform separate 
tasks simultaneously; CMl at 
LST Y/orksites, CM2 at stowage 
site. 
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TABLE 2.4.4: LST EVA Tasks—Mission Scenario No. 1 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/ REMARKS 

0 Transfer support equip- 
ment to SSM equipment 
section 

CMl hand carries workstation, tethers to 
worksite (Bay 5A) using handrails on LST 

Handtools in kit as part of 
workstation; mobility aids 
provided by payload 

e Deploy workstation and 
support equipment at 
worksite 

CMl attach/deploy/ingress portable work- 
station; activate workstation light to 
illuminate work area and deploy tethers 
and tool kit 

Requires portable workstation 
interface or "universal" 
attachment fixture; battery 
powered adjustable light 
provided in workstation de- 
sign 


Install equipment transfer rod between 
v/orksite (flay 5A) and stowage rack 

Two-man operation 


CM2 attach/deploy tool kit/tethers at SSE 
stowage rack 

Attachment interfaces re- 
quired on rack 

4. BATTERY CHASSIS 5A RE- 

CMl Operations 


PLACEMENT 



t Remove used chassis from 
bay 

Perform required removal operations and 
temporarily tether aside used chassis 5A 

Eight captive bolts around 
chassis perimeter; chassis 
hinge mounted with ball joint 
and slot design for ease of 
removal; four std, electrical 
connectors on hinge side bay 
bracket 
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TABLE 2.4,4: LST EVA Tasks-«Miss1on Scenario No* 1 (Continued) 


1 TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

0 Obtain/mount replacement 
chassis 

Using tether, remove replacement chassis 
from equipment transfer rod and engage 
hinges to open position 

Replacement chassis arrived 
at worksite thru CM2 opera-^ 
tions 

• Dispose of used chassis 

Attach used chassis to equipment transfer 
rod and detach tether 

Allows CM2 to continue sepa- 
rate simultaneous operations 

e Install replacement 
chassis 

Install replacement chassis to operational 
configuration 

Reverse of removal operations 


CM2 Operations 


® Unstow replacement 
chassis 

Using tether, perform operations to remove 
replacement chassis 5A from stowage rack 

Eight captive bolts on 
chassis perimeter; rack 
mounted dummy connectors 
provide electrical inter- 
face protect i on 

§ Transfer replacement 
chassis to CMl worksite 

Attach replacement chassis to equipment 
transfer rod and remove tether; transfer 
to CMl worksite 

1 

Spring loaded self-adjusting 
clip mechanism holds chassis 
to carriage plate and hand- 
crank provides mobility in- 
terface on equipment transfer 
rod 

0 Transfer/stow used 
chassis 

Await CMl chassis exchange; transfer used 
chassis 5A to stowage site and remove from 
equipment transfer rod using tether; in- 
stall where replacement unit removed from 

Reverse of removal operations 
pull tab at each equipment 
stowage location uncovers 
marker to indicate used units 
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TABLE 2.4.4: LST EVA Tasks— lillission Scenario No. 1 (Continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 


stowage rack; pull used equipment tab at 
rack location 


5. BATTERY CHASSIS 5B RE- 
PLACEMENT 



ft Retrieve workstation and 
equipment/transfer to 
next worksite (repeat 
applicable steps in item 
3 above) 

CMl transfers workstation and all support 
equipment to new worksite (Bay 5B) and per- 
forms operations same as for previous 
battery chassis replacement (5A) prepara- 
tion 

CM2 assists as required from 
SSE stowage rack worksite 

ft Repeat steps in item 
4 above 

Perform operations identical to battery 
chassis 5A replacement to replace 5B 

Two-man operations 

6. BATTERY CHASSIS 4B RE- 
PLACEMENT 



ft Repeat steps in item 
5 above 

Perform operations identical to battery 
chassis 5 A replacement to replace 4B 

Two-man operations 

ft Stow unneeded support 
equipment 

Remove equipment transfer rod from last 
worksite and restow in equipment stowage 
rack 

Removal is two -man operation; 
reverse of installation and 
unstowing operations 
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TABLE 2*4.4: LSI EVA Tasks— Mission Scenario No* 1 (Continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

• Stow tools/ light on 
workstation 

Temporarily stow tools in kit, deactivate/ 
stow light on workstation and egress work- 
station 

CM! Operations 

7. WORKSITE PREPARATION FOR 



GYRO AND STAR TRACKER 
REPLACEMENT 

CM! Operations 


• Retrieve workstation, 
equipment and transfer 
to next worksite 

Disengage portable workstation and transfer 
to port side of FPA access door (-V3 axis) 

Equipment tethered to trans- 
lating crewman 

• Open access door/attach/ 
deploy/ingress worksta- 
tion, activate lights 

Open FPA access door; setup and ingress 
portable workstation in door opening; acti- 
vate workstation light to Illuminate work 
area and redeploy tool kit; activate inte- 
rior FPA fixed lights 

Three latch levers and rachet 
operated open/close door 
mechanisms designed for one- 
hand operations; requires 
portable workstation inter- 
face or "universal'' attach- 
ment fixture; fixed lights 
required to niuminate FPA 
mounted equipment and powered 
via Orbiter/LST umbilical 
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TABLE 2.4.4: LST EVA Tasks — Mission Scenario No. 1 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

8. REF. GYRO ASSEMBLY NO. 1 



REPLACEMENT 

CMl Operations 


• Remove used gyro from 
FPA 

Perform required removal operations and 
tether ref. gyro assembly no. 1 

Two std. electrical connec- 
tors on package upper sur- 
face; six captive bolts 
(three each end) on package; 
removal from compartment is 
two-hand operation to safely 
clear other FPA mounted 
equipment/structure 

• Obtain replacement gyro 

Using second tether, hand exchange used 
ref. gyro assently for replacement unit 
with CM2 

CM2 has performed separate 
simultaneous tasks to obtain 
repl acement uni t from stowage 

« Install replacement gyro 

Install replacement ref. gyro assembly to 
operational configuration 

Reverse of remove! operations 
Orientation marks and guide 
pins on gyro package and FPA 
mounting surface, respec- 
tively 


CM2 Operations 


e Unstow replacement gyro 

Using tether perform operations to remove 
replacement ref. gyro assembly no. 1 from 
stowage rack 

Six captive bolts on package 
(3 each end); rack tethered 
caps provide electrical in- 
terface orotection i 
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TABLE 2.4.4: LST EVA Tasks—Mission Scenario No. 1 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

» Exchange replacement 
gyro for used package 

Perform hand exchange with CMl as noted 
above 

Two-man operation 

e Stow used gyro 

Install used ref. gyro assembly no. 1 where 
replacement unit removed from stowage rack; 
pull used equipment tab at rack location 

Reverse of removal operations 

9. REF. GYRO ASSEMBLY NO. 2 



REPLACEMENT 



a Repeat steps in item 8 
above 

CMl adjust workstation; perform operations 
identical to ref. gyro assendily no, 1 re- 
placement to replace no. 2 

Two-man operations 

10. CENTER STAR TRACKER RE- 



PLACEMENT 

CMl Operations 


e Remove used star tracker 
from FPA 

Perform required removal operations and 
tether center fixed star tracker 

One std. electrical connector 
on package; two self-locking 
thumb screw (one/si de) fast- 
eners hold shade to tracker; 
four captive bolts { two/side) 
on package; removal from com- 
partment is two-hand opera- 
tion for safety 
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TABLE 2AA: 1ST EVA Tasks — Mission Scenario No, 1 (Continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 



RATIONALE/ REMARKS 

a Obtain replacement star 
tracker 

Using second tether, hand exchange used 
star tracker package for replacement unit 
with CM2 

CM2 has performed separate 
simultaneous tasks to obtain 
replacement unit from stowage 

9 Install replacement 
star tracker 

Install replacement center fixed star 
tracker to operational configuration 

Reverse of removal operation^ 
Alignment guides /stops on 
tracker, shade and FPA 
mounting surface 


CM2 Operations 


• Repeat CM2 steps in 
item 8 above substitu- 
ing star tracker for 
gyro 

Perform operations similar to ref, gyro 
assembly replacement 

Four captive bolts; rack 
tethered caps provide elec- 
trical and optical interface 
protection 

11. WORKSITE CLOSEOUT FOR 
GYRO AND STAR TRACKER 
REPLACEMENT 



9 Deactivate lights/re- 
trieve workstation and 
equipment/close access 
door 

CM! prepare worksite for FPA access door 
closure; transfer portable workstation and 
support equipment to CM2; perform door seal 
inspection, deactivate interior FPA fixed 
lights and close access door 

Reverse of preparation pro- 
cedures; Door seal inspection 
assures acceptable stray 
light/contami nation barrier 
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TABLE 2,4>4: 1ST EVA Tasks — Mission Scenario No* 1 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

9 StcM workstation and 
EVA support equipment 

CM2 accept portable workstation and support 
equipment from CM! and replace in stowage 
rack 

Tether required; CM2 proceeds 
to SI module ex^ange prepa- 
ration tasks 

12. WORKSITE PREPARATION 
FOR SI MODULE REPLACE- 



MENT 

CMl Operations 


6 Transfer to new work- 
site/open access door/ 
activate lights 

Translate to and open -V2 axis aft compart- 
ment door; activate interior compartment 
fixed lights 

Four latch levers and rachet 
operated open/close door 
mechanisms designed for one- 
hand operation; mobility aids 
provided by payload; fixed 
lights required to illuminate 
SI module interfaces and 
powered via Orbiter/LST 
uirbi 1 i cal 

• Install SI module 
monorail transfer 
system 

1 

Ingress foot restraints and assist CM2 in 
completing SI module monorail transfer 
system installation between stowage rack : 
and SI module no. 2 j 

Two pr. fixed foot restraints 
provided by payload at eadi 
SI worksite (aft bulkhead) 
Monorail system provided as 
payload SSE and designed with 
one-hand operated captive 
fasteners to interface LST 
aft bulkhead mounting 
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TABLE 2.4.4: LST EVA Tasks — Mission Scenario No. 1 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 


CM2 Operations 


# Unstow/install SI 
module monorail trans- 
fer system 

Using tethers, remove SI module monorail 
transfer system from stowage rack; begin- 
ning installation at SI module stowage 
rack, assemble/ ins tall monorail system 
forward to SI module no. 2 in LST aft com- 
partment; CMl to assist when available 

Monorail transfer system con- 
sist of self-aligning inter- 
connecting track sections and 
two transfer carriages; Crew 
mobility aids and tether 
points required along instal- 
lation path 

13. SI MODULE NO. 2 REPLACE- 



MENT 

CMl Operati ons 


• Attadi monorail car- 
riage to SI module 

! 

Transfer, align and install monorail 
carriage— one to SI module no. 2 

Carriage design provides one- 
hand operated controls/ 
mechanisms for base interface 
lateral and vertical align- 
ment adjustment, elevation 
and rotational positioning 
and hand brake; Three hand 
operated captive fasteners 
in mounting plate for module 
attachment 
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TABLE 2.4.4: 1ST EVA Tasks— Mission Scenario No. 1 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

• Remove used SI module 
from FPA mounting 

Perform required removal operations and 
tether SI module no, 2; transfer used 
module to CM2 waiting at stowage rack; 
detach tether after handover 

Three std. electrical con- 
nectors; one quick disconnect 
at grd. N 2 purge interface; 
two base attachment latches 
at module fwd. end; lowering 
monorail carriage plate dis- 
engages module axial align- 
ment/retaining pin from FPA 
pyramidal support structure; 
module provided with hand- 
holds; monorail track used 
as mobility/ restraint aid 
along translation path 

1 0 Obtain replacement SI 

module 

Tether and transfer replacement SI module 
no, 2 to LST aft compartment 

Replacement module at stand- 
by track section thru sepa- 
rate simultaneous operations 
of CM2 

© Install replacement SI 
module i 

Position replacement SI module no. 2 within 
FPA pyramidal support structure and return 
to operational configuration 

Reverse of removal operations 
alignment guides/stops pro- 
vided on FPA support struc- 
ture 

® Detach/remove monorail 

Disengage and remove monorail carriage-one 

Reverse of attachment opera- 

carriage from SI module 

from SI module no. 2 

tions 
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TABLE 2.4.4: LST EVA Tasks — Mission Scenario No. 1 (Continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/ REMARKS 


CM2 Operations 


0 Unstow replacement SI 
module 

Transfer, align and install monorail car- 
riage 2 to replacement SI module no. 2 and 
perform operations to remove from stowage 
rack; tether and rotate module to vertical 
position and transfer onto monorail standby 
track section; detach tether and await CMl 
delivery of used module 

Module stowed in horizontal 
position; rack tethered caps 
provide N 2 purge Q.D, and 
electrical interface pro- 
tection; module base latches 
and axial alignment/retaining 
pin used to mount module in 
stowage rack; stowage rack 
handrail and monorail track 
used as crewman mobility /re- 
straint aids 

9 Stow used SI module 

Using tether, accept ust- SI module no. 2 
from CMl and complete transfer to stowage 
rack; install where replacement module re- 
moved; pull used equipment tab at rack 
location 

Reverse of removal operation^ 
CM2 proceeds to removal of 
SI module monorail transfer 
system at completion 

14. WORKSITE CLOSEOUT FOR 
SI MODULE REPLACEMENT 


- 

9 Remove SI module mono- 
rail transfer system/ 
stow 

CMl assist CM2 in removing SI module mono- 
rail transfer system; Using tethers, dis- 
assemble and transfer to stowage rack; CM2 
perform stowage of system 

Two-man operations; reverse 
of installation and unstowing 
operations 
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TABLE 2,4.4: LST EVA Tasks — Mission Scenario No. 1 (Continued) 


TASK/ ACTIVITY 

OPERATIONS overview 

RATIONALE/ REMARKS | 

e Deactivate lights, re~ 
trieve tethers, close 
access door 

CMl prepare aft compartnent worksite for 
access door closure; remove tethers, per- 
form door seal inspection, deactivate 
interior fixed lights and close access door 

Reverse of preparation opera- 
tions; Door seal inspection 
assures acceptable stray 
light/contamination barrier 

15. PORTABLE LIGHT REMOVAL 



9 Stow tools and EVA 
support equipment 

Crewnen stow all EVA support items and 
tools in stowage rack 

Reverse of removal operations 

$ Remove/stow portable 
lights 

Deactivate, retrieve and stow portable 
light assemblies at equipment stowage rack 

Reverse of installation and 
unstowing operations 

16. LST STABILIZING STRUT 

rehovSl 


Note: LST stabilizing strut 
removal performed if subse- 
quent EVA operations are not 
pi anned. 


Verify EV crewmen clear of LST; observe RMS 
engagement and stabilization of LST 

Operation from Ori)iter cabin 
payload station; tethered 
crewmen observe operation 
from safe location 

• Remove/stow stabilizing 
strut 

Using tether, remove and stow payload 
stabilizing strut in equipment stowage rack 

Reverse of installation and 
unstowing operations 
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TASK/ACTIVITY 


OPERATIONS OVERVIEW 


RATIONALE/REMARKS 


9 Secure equipment stow- Closeout equipment stowage racks for 
age rack Orbiter entry 

9 Translate to and 
ingress airlock 


TASKS COMPLETE 








TABLE 2.4.5: LST EVA Task Completion Plans — Mission Scenario No. 1 


TASK ANALYSIS: TimiNES AND PROCEDURES 


ilCTIvmTniE; 1ST Sdwdultd Halntunmce «Mi UIIMDB) Shit 1 . cf 17 


nm 

tma.) 

SCQ, 

1 RJKCTIOK AND CREU TASK j 

STStEH/fAflflAD 

mew. KEONTS., 

OJH. 

TASK 

1 EVA CHI 

EVA OC 

Girai ajpPORT 1 

tmm^css 

KWUS. NOTES 



1 

.0 Prepiri for plenned tuo-fion EVA to reaovo end repitco SSH tqutpBont and LST 
sdantlfle li^trut^nts; 3 Pattary chassis in SSH equtpattnt Ssct1on« 2 reference) 
gyro «d onft (tor tractor on tlio OTA Focal Plano Assembly (FfA) and ono SI 
BtxSulo In 5^ aft cospsrtcsnt. 

LST systasis In passive 

salftteasioa 

t 1 ^. 

captara and docking 
Pier on-ovlilt valnbcfunoe 
aa^letad prfer to cra»* 
isi ograss. 

4,5 

4.5 

^A 

E 9 PO 6 & atr 1 od( end trans* 
late to steas^ 

Egms a1 rlocfe etd tr<nt1<t* 
tfi e^lpseaS itat^ fufci 

Piyload Station: pqy* 
load bay lighting acti* 
vatad 

Difelter elrlecSt and 
p^lo^ hay handrails 
(bulkhead snd doors) 


1 ^ ° 

2,5 

1.2 

Ingfrass fest mtralnts; 
rotc^saa csd tathor LST 
stc^lttfifos stmt 

Ingress fbot restraints i 
Assist CNl 


Elil ^thar 

Foet mstrafats (S sets) 
pravfdad at stewaga reeks; 
itrvt prevldcd as payload 



1.3 

Install Qt£0111t1ng strut 
(adjust length os r^ulrad) 
hstt^aan LST end storage 
rfidt and reieora tethar 

;^ist ai 


LST {*V3 axis) sfi: Sta- 
ll^ «Ad SSE tt^ulaeamt 
5tas»g9 rack 

Strut pravfdas iS? stahlll* 
zat^a dsrtag nalntanatvca 
atei SS dlsaigasi^ 

ino 

4.0 

1.4 

Egress feot ra&tra1ots» 
translets end tether to 
stfiitoard side of equip* 
eant rode handrail; Notify 
Oitlter pAy 1 <^d station 
crew clear for fiMS disen* 
gase^t; Konltor opera* 
tlons 

Sgros foot mtraintSp 
translate end tetliof'to star* 
heard of aquipiiont rae& 

hendrolU aonitor RNS d 1 $en* 
ge^mt q^ratiims 

Stetlo); <ilge)i- 
gsgt at stos ^ 
onee elesp of LST 

eqttfpaKst stovaga 
handrails; ^ voice 
SMBni cations 

^Handrail provided later- | 
ally accross equipment 
stouage rack 

TtIo 

uto 



1 

1 __j 




i * EVA support eqalpasnl required to cofliplete LST mission Scenario Ho, 1 to be provitted by povload 
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TABLE 2.4.5: LST EVA Task Completion Plans — Mission Scenario No. 1 (continued) 


TASK ANALYSIS: TIMELINES AND PRXEOURES 


ro 

I 

I 

CTv 


IT^- 


Sticct 


of 


}JL 


TIME 

(Mir.) 

SEQ. 

1 ‘ FUHCTttffl jua CREH TASK 

SVSTEH/PAaa'U) 

SPECIAL REdirS., 

cm. 

TASK 

1 EVA CHI 

' EVA at2 

OTHER SUPPORT 

iriTERFACES 

RfKARKS, NOTES 



2 

rO Portcble tight plecom3nt to illuoinota LST exterior worfcsites 



K5 

1.5 

2*1 

Ingress foot restraints at 
equipment stowa 9 e rack; un- 
stow portable light assem- 
blies and tatiier 

Ingress foot restraints at 
equipment stowage rack; 
assist CMl 



^Portable light assenblies 
(2) provided as payload 
SSE 

6.0 

4.5 

2*2 

Install* connect cable and 
adjust portable light on 
port end of equipment rack 
handrail to niwninate LST 
anti-sun side worksites 

Install* connect cable and 
adjust port 2 d)le light on 
starboard end of equipment 
rack handrail 

Orbitor electrical pc^r 
systeei 

SSE equipment stowage 
rack handrails; payload 
bay ulflity electrical 
outlets 

U'.llity electrical outlets 
required in Orbiter pay- 
load bay at equipment 
stowage radcs 

23.0 

To 









3.0 SSH e^uipsent section t»orisit« preperation for bitt«r:y chissit repUca^mt 



2.5 

2.5 

3.1 

Unitow portable wprtstation 
and 3 equipeent tethers; 
tether equippent to EMU 

Uhstow and deploy tool kit 
and 3 equipD«nt tethart at 
S5£ storage rack 


SSE equipaent stmage 
rack; EHU tether 

*:^pport ^uipoent required 
e 1 (Stable tforkstation 
irlth tool kft/hand tools 
and adjustable battery 
powered light 
fl 6 equipaent tethers 
« 1 tool klt/hand toots 

*EVA support equipment required to complete LST Mission Scenario Ho. 1 to be provided by Mvloed 
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TABLE 2,4.5: LST EVA Task Completion Plans — Mission Scenario No. 1 (continued) 


TASK AT4ALVS1S; TiWNES AND PROCEDURES 


B ACTIVITY TITLE: 


Of 17 


St1«£ 

[nifl.} 


FUElCrm AK3 CR£H TASK 1 

|gm. 

TteK 


EVA an 

EVA OQ 

mm sufmT 

1 

2.S 

3.2 

Ti^lote (Ssn 

5AJ t^ltb sui>- 
?ort efjulpsent end steblllzc 

UnstK^p tether and cteploy 
equipcssnt transfer rod; 
locate carrion plate at 
stotffigs rack end of rod 


9.S 

4.S 

3.3 

^lQ3r> attach cod ingress 
pcrtable tforkstoticn; 
activate eitd adjust tasrk* 
atatloe light; c^plQjf tcol 
kit and cquiptknt tothsrs 

Conti Ota cs £j>avo 


Id.S 

5.a 

3*<3 

Accept end of aqulp^nt 
transfer rod fros 02 
nd attach at woi^slte 

Attach equipment transfer 
rod base socket to stowage 
rack end extend end to CHI 


37.5 

14.S 







4.0 SStIbatttry chassis 5 A reiiQval/replactaBnt 

a.s 

2.5 

^.1 

ikdtoWft ass^blft and tether 
^and tools to tsforkstatlon 

unstow, assesdile and tether 
hand tools to stovaga rack 


9.0 

$.5 

«,2 

Loosen tight captive bolts 
iround battery chassis 5A 
^nttr 

Loosen eight captive bolts 
holding replacement battety 
chassis 5A In stowage rack 



SYSTER/MnSMI 

lamtFACEs 


1ST eHtapICf- 
cHnsI end clrcnfas^ 
iftnU&t bandreltsi $S£ 
ei^atpoant stallage rac!t 

lST/SSf9 vssIpmLt 
section ejttsrica* 


SFGCSAl 
KBURIS. rm£5 


iTffitsfar rod 

I pi^dod a p«y^C£d SS£ 


ted festfeers provided 
« part o7 tool kiti wo>t- 
ftatlon ll^t i^ed to 111u- 
«fiMte Inn^ioto work areas 


1ST cfrasflmntul 
haRdrail; SSC aqvipmit 
istwag* rack 


EVA portablo workstatfe 
5SE ft^lpaent storagt 
rack 


Battefjf chassis noimts 
lat e<Tu1pnent bty and 
stowage rack 


nooli rtefrvd: 3/T drive 
racket 4” exte* 
&1oR. seeltat and tor^ 
wreoda at tad) workslta 

Floating mtplates attached 
to back ittrfact of noursting 
structure 


*EVA support o^p«e«t rtqolred to ooopltto LST Wulen Setnarto ko.t to be provided by payload 
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TABLE 2.4.5: LST EVA Task Completion Plans — Mission Scenario No. 1 (continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 


ACTIVITY TITLE: LST Sdieduled Maintenance 


TIHE 1 



CUM, 


SEQ. 

n.o 

P 

i 

b.3 


113.0 2.0 


19.0 6.0 ihS fest 


FUHCTIOil Alfl) cnra TASK f 

EVA CHI 

EVA CM2 

OTHER SUPPORT 

S^lng chassis to open posi- 
tion; disccnnact four elec- 
trical coimactors fram bay 
bracket 

Swing chassis up and discon- 
nect four electrical con- 
nectors frofii stowage rack 
bracket 


Attach tethar and renave 
used chassis frora bay hin^j 
tEsporarily tcthor asids 

Attach tethor and remove re- 
placeinent chassis fron stow- 
age rack hinges 

1 

^st 

Mount replaceir®nt chassis to 
equipnsnt transfer rod car- 
riage; remove tether and 
transfer chassis to CMl 
worksite using hand crank 
on transfer rod 


Attach tether rcwtve 

repUcmnt chassis fros 
ficjulpwnt transfer rod 
carriige; engage chassis 
hingest swing to open 
position and resove tether 

Best 


Mount used chassis to cqulp- 
ttent transfer rod carriage 
and renove tether 

lAiea CHZ has used chassis 
Mounted, transfer to stow- 
age rack using hand crank 
on transfer 



SVSTBVPAVLQAO 

irrfERFACES 


Qidss1$ hin^ss 


SPECIAL REQ.MTS,, 
REMARKS » NOTES 


IStd. teist type electrical 


Ball joint a?)d slot 
designed chassis hinges 
for ease of resoval 


Ing Clip iwchenlsa holds 
chassis to carriage plate 
during translation 


‘quipwent transfer rod 


f 
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TABLE 2.4.5; LSI EVA Task Completion Plans — Mission Scenario No. 1 (continued) 


J 

O 


1 TASeCAmVStS; TIlVaiNES and procedures 



■ 1 

1 /Un'iyn? title; lST s^hf^duled Mflfnt«nfincs 




Sheet 5 of IT 1 


p"-i 

SEQ. 

AliD CREU TAS^ 1 

svsTEn/myum 

imCEEMES 

SFECIAL Sign's., I 

CU^, 

TASS 

EVA 0<1 

EVA CH2 

mmi supptm 

REIWtKS, ROTES 

32. S 

^*0 

4*a 

On rGplaceEjnt battery 
cf^assis 5A amnect four 
oloctricfl? ccnri 2 ctors ot 
bcj? bTSitkQt 

Attach tcthor and re^mova 
ustd chassis fnsa eijuipaent 
transfer rod carriage; oh- 
gcip chassis hingss* satng 
to up position and rvsove 
tether 


EqtJig^nt bA? el&s- 
trical cccnacter 

trsssfiar red; e^BSSls 
hirrgea ot stoueg^ reck 

Ibfid chassis otoved ediere 
rsplaccsssnt oiit was 

rcarvad frcKn equipment I 

st(K<4gEi rack 

^.5 

tSTB 

CLO 

STs 

4.9 

visually inspact bqy/«ftc3Cis 
£air*3 clcss^s 

GK^aa cr^ eftjiJt 

cipifvo bolts aro^cJ dicasfls 
5/^ Eorinater 

Comet foiir 'alectrical 
ccnnsctcrs frc^i ased ciiassis 
to 5t<riaga rech bradc^t; 
swing chassis to stc»dd 
position^ engage nnd torque 
eight captivQ bolts annind 
poric3tor; pall used equip- 
CEnt teb Dt radt location 


fiatteiy diessls wwnts 
at GQuip33it bey and 
stcaago rack 

Pull tab at stowQ^ rads 
location exposes visual 
narksr to Indicate used 
eq(ii(xaent occupancy. 

5*0 SSfi battcvy chassis 53 rc3VQl/f5QplacEssnt 



a.5 

i 

0*5 

5*1 

tgrcss i^ovitstfltten; i23tadi 
workstation ond tool Mt 
end transfer to nea/ work- 
ifiU (S$H equipirant boy 50) j. 
attach and ingress portable 
workstation; adjust work- 
station If^ht; transfer 
equifniiant transfer rod to 
new worksite 

tlcnltor ts?l crpsraticns end 
assist fn oquipinent trensfar 
rod adjustments and relo- 
coticn to new SSM cquip- 
cant section tjorfesite 

1 


LST handrails^ ecuip- 
rsnt traiQffer rod 

Hquipsnt trenafier rod 
base ball socket resains 
attached to stowa^ rack 

j — i 





no IS 
o 

cz 

s 

m s: 
o 

-a o 
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TABLE 2.4.5: LST EVA Task Completion Plans -- Mission Scenario No. 1 (continued) 


I 




TASK ANALYSIS: TiMELINES AND PROCEDURES 


Sheet 


of 17 


ALI 

TU1E 

vm 

H<n.| 

mll: 

SEQ. 

Lii icneauiBO namcenance 

fUKCTIOM AKD CHEK TASK I 

SVSTEH/PAYLOAD 

SPECIAt nE(f-CTS., 

DJH, 

TASK 

EVA CHI 

EVA CH2 

OTHER SUPPORT 

IlfrERFACES 

REHAfiKS. NOTES 

41.0 

36.5 

5.2 

Repeat sequences 4.2 through 

4.9 for battery chassis SB 




119.0 

41.0 









6 

.0 SSH battery chassis 48 removal /replacemant 



4U5 

45.5 

41.0 

4.5 

6.1 

6.2 

— 
Repeat sequences 5.1 and 4.2 

Detach cquip.'aent transfer 
rod at last worksite for 
CH2; teoiporarlly stow tools 
In kit and daactivate/stow 
light on workstation; 
egress workstation 

through 4.9 for battery chassl 

Accept equipment transfer 
rod frm CMl; using tether, 
datadi rod base socket at 
stowage rack and restow 
In rack 

S 48 

1ST handrails s $SE 
equlpeicnt stc^age rack 

Eqolpacnt transfsr rod not! 
required for subsequent 
operations 

64.5 

45.5 









7.0 focal PlatiB Assembly (fPA) worksite preparation for reference g/ro oss^Hes 
and star tracker replacement 



l.S 

U5 

7.1 

Retrieve portable worksta- 
tion with support equipment 
and translate to next work- 
site at fPA access door 

Assist CMl upon arrival at 
PA worksite access door 


EMU tether; LST hand- 
rails 

PA access door located 
on -V3 1ST ewis {facing 
aft payload bay bulkhead) 








ro 3: 
o 

Cj <d 
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TABLE 2.4.5: LST EVA Task Completion Plans -- Mission Scenario No. 1 (continued) 


TASK ANALYSIS: Tlfi^aiNES AND PROCEDURES 




ACTIVITY TITLE: 

LST Scheduled Maintenance 




siiaot 7 «r T7 

hm 

Hin.) 

SEQ. 


FUt<CTIOfl CRE« TASK 


SrSTEIVPA!U»0 

SPSIAl REIFTTS.. 

8qih. 

TASK 

m 0J1 

EVA CK2 

OTHER SUPPORT 

IHTBIFACES 

REMARKS. MfTES fi 

' ^ 
6.0 

}70.S 

fl.5 

6,0 

7.2 

Opso FPA Qcca&s dtjori cfeploy, 
attach £Jid IngT^ss portable 
trarkstatfon; activate end 
c^just Korfcitatlon light; 
dtjploy tool klt/equlpt^nt 
tethsrs; actlvata interior 
FPA fixed ligfita 

Assist CMl In opening FPA 
access door 


FPA access door letch 
end opening nschenlsss; 
LST handrefls; FPA 
interior fixed light 
sbiltch 

Three ctS5-4i«d e^ratsd 
dO(^1e-«ctlng latch levers 
release hfngad ntxc>% door; 
radiet operated open/close 
cschanisra at door hinge 
line Incorporate auto 
pssnion lock; 

H^ts lios^md by 
Orblter via tshlltcaT 



8.0 SSII F^forencj ©rro essedbly no-l reasR*»l/repIace!SJ?t 



2.0 

2.0 

8.1 

tlnstc»« ^oei^le end tet^sr 
haodteoU to ^oHLStatlcn 

Ingress foot restraints at 
ttMse red;; 
exd)ie^« ^icii^le end 
tether liendtcols to storr> 
091 redt 


EVA portdile wortste- 
tion 5S£ e<iu1pE;^t 
stowage rack 

*TooT$ requ1redb3/8** tSrfve 
rachet wrandi. S” 

&1on» sodefit and torque 
wrendi ai each worksite 

3.5 

1.5 

8.2 

Isceto ref. gyro rc. 1 
l?A sin}p 0 ft structure 
(iacar^ >V2 axis} snd 
dlsccnnect tmo electrical 
connector? on «fppar cm 

lecste replecement ref. gym; 
remove and ttii^raplly stow 
ceps fmn two electiicel 
oQ»$ectcn on uppercase 
surface 

- ■ 1 

1 

' 

Ref. gyro essoat^lles at 
FPA and stowage rack 

Std. twist type electrical 
connectors; stowage rack 
tether caps provided as 
SSE to protect electrical 
Interfaces wi ml gyro 

*EVA stA^rt equipasfit required to eosplftte LST Mlislon Scsntrfa Ko.l to be provtcied bj* priced 




r\3 :s 


o 
Cj o 


0 

ti 

•i 

0 
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TABLE 2.4.5: LST EVA Task Completion Plans -- Mission Scenario No. 1 (continued) 


ro 


CjO 


0 

0 

0 

2 

m 

h 

I* 

Q 

0 

C 

0 


1 ® 

if' 


TASK ANALYSIS: T1A€LINES AND PROCEDURES 




ACTIVITV TITLE; 

Lj»T Sdieduled Haintenance 




Sheet ft of 17 

T!H£ 

imn.) 

5EQ, 

FUNCTION AfiO CREW TASK | 

SYSTEH/PAYUOAD 

SPECIAL nct^s.. 

CUM, 

TASK 

EVA CH) 

EVA 012 

OTHER SUPPORT 

IffTERFACES 

RQtARKS. riOTES 

8.5 

5.0 

a.3 

Attach equtpfiant tether to 
itsed ref. oyro assenibly no. 4 
loosen six captive holts 
(threa each end) froQ unit 

Attach equipment tether to 
replacement ref. gyro 
assembly and loosen six 
captive mounting bolts 


Ref. gyro mounting 
structure on FPA and 
stowage rack 

Lock nuts are captive 
on iKHinting structure 

10,0 

1.5 

a.4 

Using two-hands k nsaneuver 
tised ref, gyro no.l out- 
tioerd and aft to exit 
iccess <fOor 

Remove replacemant ref. gyro 
from stowage rack and pre* 
pare to exchange units with 
Cfil 



Removal/lnstalUtloR of 
equipment wjunted on FPA 
fs two-hamS operation to 
ensure safe clearance and 
protection of hardware 

1 ° 

1,0 

8,5 

Using second tethar» hand 
exchange used for replace^ 
cent sref. gyro assembly 
no. 1 tfftb CH2 

Perfrcsa ref. gyro asscrrbly 
exchange with CfU using 
equipment tethers 


Equipteent tethers 

Direct hand exchange of 
equipment faetMeefl creaaen 
by effective use of tethers 

)7,5 

6.5 

a.6 

Using tsta hands* maneuver 
rcpUccment ref* gyro 
no, ! through access door 
and Inboard to FPA; 
align orientation mark on 
gyro and slip over ejountlng 
surface guide pins: engage 
and torque six captive bolts; 
r^ve cqulpoent tethw 

Transfer used ref. gyro 
assenhly to equlpront 
stowage rack; guide onto 
rack mounting surface* 
engage and troque six 
captive bolts; remove i 

equipment tether 


Ref. gyro es'^tlng 
structure on FPA and 
stowage rack 

j 

J 

EJsed ref. gyro stowed where 
replacement unit was re- 
moved from equipment stow- 
age rack 





Cft 

s 

o 

m 

0> 

X 

c 

H 

H 

r- 

m 

m 

§ 
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TABLE 2«4.5; LSI EVA Task Completion Plans — Mission Scenario No. 1 (continued) 




ro 

I 

— i 
-P^ 



TASK ANALYSIS: TIMELINES AND PROCEDURES 

ACTIVITY iniE; LST SdKs&iled MilntenKice 


Sheet 9 of 17 




|TTH£ 


1 09** 


19.0 


1^.5 


17*0 


|2C5*S 


1.0 


2.S 


TAS& 


K5 


:Sa). 


6,7 


19*0 


17*0 


17*0 


1*0 


l.S 


AKD CREti TASK 


m cm 


Conjiect too oloctsical 
ccnfflsctsrs tm a^r cm 
surf&vs of repl£s£sasit 
T«f, gyro fte.S 


EVA CM2 


InsUll protective caps on 
ttfo electrical cmmectors 
on ref gyro iiptar case sup- 
face; ^11 md equipiaent 
Gt radt location 


OTHER SUPPORT 


9.0 SSH easc^ly Go*2 i^val/rcplacauent 


9*1 iCTtetaticns easl repeat sa^?®nce5 8*2 thnm^ 8,7 for refspenoe gyro 

assc^ly Rg.2 


10,0 SSH canter star tracicer PGsoval/nsplaceaant 


10*1 


10.2 


(Adjust portcblQ ^rkstDtlcn 
for cantor star trscJier 
rc^val 

fOn canter star tracfeer, 
^sctmnect one electrical 
Wnnector 


^sist mi 


Locator raplacei::5fit esntor 
star tracker; remove and 
tejs^ioraplTy stew cap from 
«mo electrical ctmivsctor 


SYSreVPATUM 

XBTERfACES 


S^f* syro assei^lics 
at FPA sad 3tiS3e^ rodt] 



EVA poTtotile tforfiSfcD- 
tloe 


Star tradJei^ at FPA 
and st^ag3 rac& 


SPECIAL REQMTS.. 
REMARKS, 


j^ools reQuIrad; as 
for PBf* gfpo 
replflce^nt 

Istd. tidst type electrical 
CKinector 


PO 3 
O 

C-r O 


o 

LO — J 
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TABLE 2.4.5: LSI EVA Task Completion Plans -- Mission Scenario No. 1 (continued) 


TASK ANALYSIS; TIMELINES AND PROCEDURES 


I 


ACTIVITV TITLE 
CUM. TASK 


Lai .auiuuuieu naim.eniuiLfc± 

1 FUNCTION AND CREU TASK T 

EVA CHI 

EVA CM2 

OTHER SUPPORT 

Loosen two captive thiirlk 
screws (tHie each side) on 
star tracker shade; slide 
shade outboard to clear 
optics Interface 

Remove and temporarily stow 
protective cap frem star 
tracker optics 


Attach equipment tether to 
center star tracker; loosen 
four captive bolts (two each 
side) from unit 

Attach equipment tether to 
replacaiocnt star tracker and 
loosen four captive mounting 
bolts 


tteing two-hands B maneuver 
used center star tracker 
outboard and aft to exit 
access door 

Remove repUcement star 
tracker fron stowage rack 
and prepare to exchange 
units with cm 


Using second tether, hand 
exchange used star tracker 
for replacement with CM? 

Perforta star tracker exchange 
with CHI using equipment 
tethers 


Using two hands, stneuver 
replacement star tracker 
through access door, fWd* 
?iid Inboard to center FPA 
Bounty il ide into alignment 
guides until against stops; 
engage and torque four 
captive bolts; remove 
equipment tether 

Transfer used star tracker 
to equipment stowage rack; 
guide onto rack mounting 
surface; engage and torque 
four captive bolts; renove 
equipment tether 



SVSTEH/PAYLOAO 

1HTEAFACE5 


SPECIAL nEC^rrs*, 
REMARKS. ROTES 


Star tracker optics at Self-locking captive thuirto 
EPA and stowage rack screws on shade; nuts are 
captive on tracker Inter- 
face 


Center star trackor Lock nuts are captive on 
mounting sturcture roountlng structure 
on FPA and stowage rack 


Equipment tethers 


Star tracker aountlng 
structure on FPA and 
stowage rack 


Direct hand exchange of 
equlpnent 


Used star tracker stewed 
kdiere replacenent unit was 
reinoved fro® equipeent 
stowage rack 
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TABLE 2.4.5: LST EVA Task Completion Plans — Mission Scenario No. 1 (continued) 


1 TASK ANALYSIS: TliVlEUNES AND PROCEDURES 

f ACTiyiTY TITLE: LST Sdieduled Haintenanca 



Sh«et n of 17 

BTIKL 


SEQ. 

FUaCTIOa MB CREa TASK 1 

STSTEH/TAnjOAa 

SPECIAL REQHTS.* 1 

ICUH. 

TASK 

EVA CHI 

EVA oe 

OTHEaS«?P(OT 

INTERfACES 

UNUUCS, KOTES | 

1 n.o 

J.O 

10.Q 

Align and slitte canter &tar 
tracker shstb Intoartf ta 
Interface traefcer optics; 
sngEga and tuo 

cfipttve tf;a3^ 5cre%« 

Ji 2 pl£Cfi protective cap on oas 
electrical cocmector of :sied 
star tracker; pull used 
oqolp^nt tab to rack locatfc^ 


Star tracer at TPA and 
stoifage rack 

T 

226.5 

22.0 






1 



11.0 fats.} oftor equlpsisnt replace2:snt 



4.0 

0.0 

Bl.l 

Stira all ii£nd tools fn t^l 
kft, dofictlvatfi 11g6t» 2nd 
kit end ll^t on 
statical; retrlsve 
tatiwn and attach to EKU; 

portK»le BrorkststiQR 
and ^tach frooi worksltt) 
trensfer t^iisutfod to 
CK2 

portd)lQ ^rkstatlcai 
9rsm OU (hand OKChtn^}; 
st£» »efkstet1cn In 
eminent storage rack 


Portsble vovkstation; 
S$E cgulpssnt starags 
rack; ERi tathep 

Port^lt vaffkstst^oi not 
r^lred for schsoi^t 
operations 

7,5 

9.6 

11.2 

IfiipQCt fPh «co$t 6oor 
s«el; desetivats Intoiior 
FPA lights; dost and latch 
door 

Assist on It elosing F7A 
acom ^ 9 or 


1ST handrails, FPA 
interior fixed light 
stitch; FPA access door 
seal , closing and latch 
ioachanis&3 

Inspection assures tcoep- 
tahlo stF^r llght/contaiiiri*^ 
nation hanier 

236.0 

7.5 








i 
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TABLE 2.4.5: LST EVA Task Completion Plans — Mission Scenario No. 1 {continued} 


if' 


TASK ANALYSIS: TIMELINES AND PROCEDURES 

ACTtVnV TITLEi LST Scheduled Maintenance 

IHE (mn.)! i ” FUKCTiaN Aim CHEW TASK 

UM. TASK 1 EVA CKt EVA CH2 


oTHEfi suppoar 


12.0 LST aft coa;partc$nt tioHcsIte preparation for S! nocUile replac£:^nt 


12.1 Translate to -V2 axis LST Usln^ tethers* retrieve SI 
aft co*apartffant access door* module monoral < transfer 
stabilize and open door; system fren stenaage rack; 
activate interior fixed assent le/lnstall system 
ll^ts beginning at SI cs)dule 


system frora stoaage rack; 
assentle/lnstall system 
beginning at SI cs)dule 
stowage rack and work for- 
trard teward SI esoiksle no.2 in 
LST aft cQc^iartcsnt 


hZ.SITranslite Into eft coa^irt-^ IContlmia 51 xwdule aiono-* 


sent end Ingress foot re- 
straints; assist to 
complete $] module mono- 
rail transfer system In- 
stallation to SI nodule 
no.2 


t rail transfer system 
assextly and Installatlco 


SVSTDVPAHiOT 

ihterfaces 


Sheet 12 of L 

SPECIAL 

REMARKS, KDTES 


LST hondreiU; LST -V2 Aft conpartment access 
axis aft c^artsent doors design and operation 
access door latch and saes as FPA door except 
(?^1ng fl^chanlsms; four doil>le-act1ng latch 

Interior fieed light levers; * vonorall trans- 

soltch; SSE OQUipnent for system consist of self^ 
stQfa^ rack; Orbiter aligning Interconnecting 

payload door band- track sections with tira 
rails transfer carriages; 

*f1xed interior ll^ts 
powered by Orhlter via 
unt^lMcal 

1ST aft OH^ertiaeiit; *Foot restraints (2 sets/ 

SI Bodule stowage rack inoduU) providod at each 
SI worksite on aft bulk- 
head for attachment 


support equipment required to corrplete LST Mission Scenario Ro.l to be provided by payload 
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REPRODUCIBlLiry OF THE 
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TABLE 2.4.5: 


LSI EVA Task Completion Plans — Mission Scenario No. 1 (continued) 


ro 

I 

00 


9 

9 

2 

5 

m 

1^ 



TASK ANALYSIS: TififfiUNES AND PROCEDURES 

ACTIVm THLE: 1ST Scteggfejlsd Haintenance 



al^gn tEJid attach 
ccr^rail carriot-D-on^ to 
SI no*2s cagags 

t1^te.T three IiCJid c^srotad 
captive fGStei:ors In car* 
Hags plcto; OTgags car- 
Hap bra!xo 


Tmsfer cajnorail carrtaga- 
to peplacsrisBnt SI fajctula 
ro* 2 In stcaaga rack; rotata 
carriap to horizontal posN 
tl on. align end Attach to 
modulo; engap and tighten 
three hand-ojaroted ceptlvs 
fastenonis engcp carriap 
bpahe 


r; 37 i 3 foi 1 tres^Tsp 
systo aa?ri^2s cr.t3 
SI cadulGO In oft tSKs* 
partent find ot ote?- 
ego rec^ 


Hsnoratl c«pr1i^ design 
prcv1<^ Ciie-hand operated 
csntrols/oechanlsiis fOr 
allgnaisnt adjustcont, base 
^csUlon imd sonUDl brate; 
Iccft nuts are captive on 
eenhilo for carriage attach 

B25lt 


10.5 


4.5 


13.2 


(hi SI EatdalQ no. 2^ dlc^ 
ccnnect three oloctHcol 
CGJK3ct<fi^ end cna ^l2 
quich d1sccni:2!2ct {Q*0.) 


On roplDCGErifit SI jisidulo 
no* 2, raE^v 3 end tcna^orarily 
stca cep3 fpt3 thraa electH- 
col cramsctorii end cna 
Q*D. 


12 . 5 | 


2.0 


13.3 


Attach tathcr to ccdulo 
handhold end releaso teo 
base attacJicsnt lotchas 
frcD FPA stnjcturo 


Attach tethor to replaca£3&nt 
(nodule and roleoso t^o baso 
attadiTisnt latches fro:3 
st(wcg9 rack 


SI modulos 


S! cHidule 

structure cn FPA end 
stotfoge rack 



Std* tstst typa elactrfcdl 
connsetf^: Std. double- 
acting Q*B. connector 


Oo^le acting bale latches 
hold caKkilc In position 
alc^g tilth nodule axial 
allgnacnt/retalnlng pin 
(similar aBJontlng In sto^- 
ago rack except esodule 
In horizontal position) 
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TABLE 2.4.5: LSI EVA Task Completion Plans -- Mission Scenario No. 1 (continued) 


ir 


TASK ANALYSIS: TIMELINES AND PROCEDURES 


ACTlVnv TITLE: tST Schsdulcd Haintenance 


EVA CKl 


TIME 

imn.) 

SEQ. 

CUM. 

TASK 

24.5 

12.0 

13.< 


38,5 14 . 0 ! 


I Loi-wr cjonorail carriage an<J 
I release hand brake; egress 
foot restraints and trans- 
fer used $1 module no. Z to 
i CK2 at stowage rack using 
i tether 


Hand used SI module no.2 
to C«2 and switch tether 
to replacement module; 
release carriage hand 
brake and transfer re- 
placement module to 
1ST aft compartment; align 
module within FPA pyracjldsl 
support structure and 
raise carriage to engage 
module alignment/ retaining 
pin; engage carriage brake 


2.S 13.6 Engage two base attachment 
latches to FPA structure 
on replacement SI module 
fio.2 and detach tether 


FUHCTXOH m CREU TASK 
^ ^ EVA 

Release monorail carriage 
hand brake, move to disen- 
gage retaining pin and re- 
engage brake; rotate rnodule/ 
carriage to vertical position, 
release hand brake and trans- 
fer replacement SI module 
no.2 onto raonarall standby - 
track section; onga^ brake 
and detach tether 

Accept used SI module no*Z 
from C81, attach tether and 
transfer to stowage rack; 
engage carriaqe brake; rotate 
module to horizontal position, 
release brake and move to en- 
gage nodule retaining pin; re- 
engage hand brake vdien inodule 
against stop 


Engage two base attachment 
latches to stowage rack on 
used SI module no.2 and 
detach tether 


CTTHER SUPPORT 


SYSTEFVPAVLOAO 

IKTERFACES 


Konorail system car- 
riages and track g 
tetherSg and ^towags 
rack handrail 


Same as above 


Shee t ,U of 17 

r SPECIAL R£QMTS,g 
REMARKS, ROTES 


i Lowering carriage base 
, plate disengages {module 
axial alignaent/retaining 
pin from mounting struc- 
ture 


SI nodule enimting 
structure on FPA ind 
i stowage rack 


Used $1 Mdule stowed 
where rept ailment unit 
was rtooved from spare 
equipment stowage rack 
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TABLE 2.4.5; 


LSI EVA Task Completion Plans — Mission Scenario No, 1 (continued) 


FtASK AmVSIS: TllViail^S AND PROCEDURES 



. 

1 ACTIVITV TITL£ 

iST Sdiet^lad Maintenance 



Sheet 15 of 17 

Itike 

(Min.} 

SEQ, 

1 FU!XT1C« m CREH TASK | 

SySTEH/PAYLQAD 

mTEBFW:ES 

SPECIAL 
R0IAftJC$. KOTES 


TASK 

EVA cai 

EVA CH 2 

OTHER SUPPORT 

45,0 

4,0 

13.7 

On (ncp]ocGc: 2 nt SI ciodulc 
fiD. 2 t connect three 
electrical connectors and 
one ®J 2 Q.O. 

On used SI modulo no*2, re- 
place protective caps on 
throQ electrical connactorc 
and one Bi2 Q* 0 . 


SI ^dule 


■ 48.5 

3.5 

13. C 

Lesson three hand operated, 
ceptivre fasteners in car- 
riage plate; relecso hand 
brake, lower carrlcge end 
reaovQ frcKa replacczent 
SI nodule 

Lmjaen thrso bond operated 
c£pt 1 ra fostenars In car- 
r 1 o 0 o pleto; rotate csrrtago 
to vortical positimi; ralease 
hand brake and resaovs cxmoroll 
carries^ from used SI csdule; 
pull used equis^nt teb at 
reck locatioi 


E^,oraf 1 transfer 
systOQ carHi^ and 
SI In aft co^ 

par^^t ^d at stawag€ 
radc 


308.5 

46.5 









14.0 L5T aft coiqiartrant varlcslta elmeut oft*r SI aodule replacBrant 



12.0 

12.0 

14.1 

Assist CH2 to rareovB SI 
module aonorall transfer 
systea froa LST sft coes- 
piftaent ttid tr^fer for 
stobfige 

Using tethirs, dlssssaible/ 
rosiove SI «cdule noiMirell 
systeo (beglfmlr^ at SI 
■odule 9 t»ag» rack)i stow 
systea In equlpaant ttewage 
rack 

* 



LST eft canpartasEnt; 

SI nodule and S5£ 
equtpnent stowage rack; 
LST and 0rt»1tar hamS* 
ralU 

Assumes amoral 1 transfer 
systan not Tequlrcd on 
any subsequent EVTik 
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TABLE 2.4.5: 


LST EVA Task Completion Plans 


Mission Scenario No. 1 (continued) 


1 TASK AMALYStS: TlMELiWES AND PROCEDURES 

i ftcnviTV TITLE: LST Schaduled Halntenance _ : 

Sheet 16 of 17 

TIME 

Hln.) 

SEQ. 

F-UKCTlOil AHD CREH TASK 1 

SYSTEH/PAYLCM 

SPECIAL RE(^S-, 

CUH, 

TASK 

EUA m 

EVA CH2 

OTHER SUPPORT 

IWTEJiFACES 

REMARKS, HDTE5 


6.0 

14.2 

InijKct -V2 axis LST aft 
coflparti^t access door seal 
rstrlsve equlpnent tethers 
and attach to EKU; deacti- 
vate Intarior fixed lights; 
close and latch access 
doors 

Continue SI n^odule monorail 
transfer systeo dlsassetrtily , 
removal and stOfjage 


LST handrails; LST -V2 
axis aft compartoent 
access door seal, clos- 
ing and latch rasdian- 
tsms; interior fixed 
light; switch EMU tether 

Inspection assures accep- 
table stray light/con- 
tamination barrier 

326.5 

18.0 









u 

t,Q Portable light rci. ■^stowage 



4.5 

4.5 

15.1 

Translate to equlpcisnt 
stowage reck handrail; 
disconnect, reciova port- 
able lights (port and 
starboard ends of hand- 
rail) and transfer to 
0<2; ingress foot re- 
straints at equipfient 
stowage rack and assist 
CH2 

Stow all hand tools in 
tool kit; accept portable 
light assembles from CHl; 
stOH lights ' tethers and 
all E^A aup'ort equipment 


Orbitcr payload bay 
door handrails; SSE 
equlp^r^snt stowage rack 

Stow and secure tools/ 
lequipaent for reentry 

331.6 

^4.5' 
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TABLE 2.4.5: LSI EVA Task Completion Plans — Mission Scenario No. 1 (continued) 


TASK ANALYSIS: TIMELINES AND PROCEDURES 
ACT lvm Tim: LSr Setedultd Ki1nten«nce 

, 

JOB. ItASK I CTA on I 


FUMCTIOW AlO CT£B TASK 
EVA CM2 


OTHEA SUPPORT 


STSVtIVPAVlOAD 

IHTEIS^ACES 


Sheet __22_ of IT 

SPSIAL REOMTS.. 
REMARKS. NOTES 


IS.O LSI st&bUizIng strut reinoval and EVA alsslon temlnatlon 


5,5 S.5 16.1 Egrtiss foot mstralntSp 
trai^lotG 2 nd tother to 
startoerd s1*s of oqutp- 
isant rack hendrolls rotify 
Orfeltor payload station 
crcitf clear for RJS ongegB- 
Gsnt to LSI; camttor 

9.Q 3*S 1S.£ Trertslats to cftc! Ingrass 
foct jicstralnts at ctaa- 
raeova stEbf* 
nsfog strut frta bettfecn 
1ST and atotfo^ rack 


Egress foot restraints and Payload Station: Unstc:? S$E stcrcga Strut regoval parfonaad 

join CHIb tether to handrail; engage and stabl- rack tedr^lls; RF If atAsetjuant EVA opera- 

ffionltof f>I€ ongagsroent opera- llze 1ST tdien crovj cleav rata ccs!3n1 cations ticns art* not planned 

ticns of vehicle 


I^tom to net «td 

Ingres* tat rostral nts; 
assist Q\l 


4.5 16.3 Transfer 6 tcbl 11 ling strut jAss 1st CHI; ires all 
and sta In equlp^t U towage sooiro 

stG^ags rack; dated) S 

tether; secure all st(sj- ! 
age racks I 


17,0 

3.5 

34Q.0 

iTcT 



TOTAL 

EVA 

TIME 



translate to airlock cid 
Ingress 


Egress tat PsatralntSjtrajB- 
Itte to o1r1oc§i end Ingress 


TOTAL EVA TIKE 5 hrs. » 4B min. 


L5T {-V3 anic) aft 
station £Ik 3 SSE equip* 
cent stc^ege rack; E1I1 
tethar 


Equipssent stowage racks! 


Orbitor paylo&d bay 
(doors and bulkttaad) 
and airlock handrails 


EVA OPERATIWS COMPLETE 
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« Foot restraints (2 sets), tether attach points and mobility aids 
are provided at the equipment stowage racks. 

e Sufficient lighting, fixed and/or portable, is provided by the 
Orbiter and payload to perform all extravehicular tasks. 

® LSI replacement equipment assemblies are provided and stowed in 
spare equipment racks located in the Orbiter payload bay. 

e EVA support equipment items (i.e., portable workstation, equipment 
transfer/ handling units, stabilizing strut, tethers and tools) are 
provided by the payload in stowage racks located in the Orbiter 
payload bay. 

e Since design details were not available for LSI equipment physical/ 
functional interfaces and EVA support equipment (i.e., stowage racks, 
equipment transfer/handling units), conceptual designs were assumed 
to implement procedures development. 

The LST EVA mission scenario no, 1 is predicated on the removal /replacement 
of equipment to retain and/or improve the spacecraft operating proficiency. 
Detail designs of the LST flight hardware items were not available and only 
limited preliminary conceptual design information was accessible on the 
space support equipment items. Therefore, to depict representative types of 
extravehicular operations and crewman interfaces that may be encountered, 
hardware concepts were either assumed or developed by the study. The 
hardware concepts are not intended to influence final component design. 

In addition to the present Shuttle Orbiter EVA baseline accoirsnodations, other 
support equipment will be required to accomplish the planned payload (sched- 
uled) maintenance functions. These additional support items are discussed 
and summarized in Section 3.0 (Payload EVA Task Support Requirements) of 
this study. 

2.4.4. 3 LST EVA Mission Scenario No. 2 — Retract Failed Solar Array Panel 
The LST mission scenario no. 2 is based upon a primary task from the 


MCaOIVryELIL 
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"unscheduled EVA" category Identified in Table 2.4.3. The hypothetical EVA 

mission was developed on the premise that a malfunction had occurred in the 

2 

port solar array panel retraction mechanism. With the large 19,1 m 

2 

(206 ft ) panel failed in the deployed position, it was considered a safety 
hazard to attempt RMS grapple, capture and berthing of the payload to the 
Orbiter. To capture and retrieve the LST, an EVA would be necessary to inspect/ 
diagnose the failure and perform the operations necessary to retract/ recinch 
the solar panel. Two EVA crewmembers, using the "EVA with MMU" operational 
mode, would be required. The primary tasks involved and task performance 
rationale art contained in Table 2.4.6. 

2. 4. 4. 4 LST EVA Task Completion Plans — Mission Scenario No. 2 

The LST task completion plans for mission scenario no. 2 provide a preliminary 
set of procedures and timelines which demonstrate that the selected EVA pay- 
load task can be accomplished by application of the Shuttle EVA system. 

The task completion plans identify principle elements of the EVA mission and 
the extravehicular mission support requirem.ents including number of crewmen, 

EVA mission time, translation aids, restraints, tools and lighting. 

The EVA task analysis preliminary timelines and procedures for the retraction 
of a deployed solar array panel (mission scenario no. 2) are provided in 
Table 2.4.7 and include identification of payload interfaces and support 
requirements. Assumptions associated with the mission scenario include the 
following: 

e Two qualified Orbiter crewmembers are available for conducting an 
EVA. A third crewmember is available to perform Payload Station 
extravehicular supporting functions and crew activities monitoring. 

e LST Mission Operations Center is available to perform diagnostic 

assistance, command telemetry functions and monitoring of LST systems. 

® Sufficient crew mobility aids (i.e,, handrails, handholds) are 
provided by the payload and/or Shuttle Orbiter to access the MMU 
flight support stations and support stowage areas from the airlock. 
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TABLE 2.4.6: 1ST EVA Tasks -- Mission Scenario No. 2 

, f i wn i.i I-. ■■■ ,.i«. .1 ■ ■ 




TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RAT ION ALE/ REMARKS 

RETRACT FAILED SOLAR 

i 

Perform- a two-man "unscheduled" EVA to 

Assumes port (-V2 axis) solar 

ARRAY PANEL 

retract solar array panel to allow Orbiter 

array panel retraction mech- 

0 

RMS grapple engagement for retrieval of LSI 
from free space. Initial task is to diag- 
nose failure and plan corrective operations 

anism malfunction leaving 
panel extended and preventing 
safe Orbiter RMS engagement 
for capture in free space. 

1. FAILURE DIAGNOSIS 

LST is in configuration for capture except 
for failed solar array panel. Orbiter RMS 
is stowed. Payload bay lights activated. 

Note: Crewmen have obtained 

battery powered oortable 
lights (one each) from 
Orbiter cabin stowage and 
tethered to EMU during EVA 
prep. 

s Deploy Orb iter RMS/ 
monitor 

Activate RMS TV and lighting systems; 
deploy RMS to vicinity of LST failed solar 
panel retraction mechanism 

Orbiter cabin payload station 
operations; provides lighting 
and safety video coverage 
during EVA operations outside 
payload bay 

• Egress airlock and 
translate to MMU Flight 
Support Station (FSS) 

Crewmen translation using handholds/nand- 
rails to MMU Flight Support Station 

Requires crew mobility aids 
to MMU FSS'S 

• Don and checkout MMU's 

Ingress MMU FSS; don and perform MMU check- 
out in preparation for EVA outside the 
Orbiter payload bay. 

MMU's required for transla- 
tion to/from worksites out- 
side payload bay; two EV 
crewmen 


\ 
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TABLE 2.4.6: LST EVA Tasks — Missio‘n Scenario No. 2 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RAT ION ALE/ REMARKS I 

9 Translate to worksite 

Crewmen translate to LST in vicinity of 
port (-V2 axis) solar array panel deploy/ 
retract mechanism using MMU 

MMU's used as mobility aid in 
free space, separate simul- 
taneous operations by crewmen 

9 Inspect/diagnose and 
plan corrective action 

Visually inspect solar array panel deploy/ 
retract mechansitn to determine cause of 
malfunction, corrective workplan, tools and 
ancillary support equipment; monitor re- 
traction attempt as a trouble-shooting 
technique 

Requires voice communication 
with LST Mission Operations 
Center (MOC) to activate 
mechanism actuator via com- 
mand telemetry; crewman 
tether point and worksite 
access required 

0 Unstow tools and sup- 
port equipment 

Second crewman retrieve portable worksta- 
tion and EVA support equipment from stcwage 
rack 

Requires portable workstation, 
tethers, handtools located in 
stowage racks in Orbiter pay- 
load bay 

0 Transfer support equip- 
ment to worksite 

Second crewman returns to LST in vicinity 
of first crewman using MMU; hand carries ■ 
workstation and support equipment to work- 
site 

Equipment tethered to trans- 
lating crewman 

2. WORKSITE PREPARATION 
"FOR SOLAR PANEL RftRAC- 



TION 



0 Deploy portable work- 
station and equipment 

Attach/deploy equipment and ingress port- 
able workstation; activate workstation 
light to illunrinate work area and deploy 
tool kit 

Requires portable worksta- 
tion interface or "Universal" 
attadiment fixture 
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TABLE 2.4*6: LST EVA Tasks -- Mission Scenario No. 2 (Continued) 


TASK/ ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

3. SOLAR PANEL RETRACTION 



0 Remove electrical 
connector 

Disconnect and restrain electrical con- 
nector from deploy /retract actuator 

Std. twist type electrical 
connector removed as safety 
precaution 

0 Remove deploy/retract 
actuator shaft coupling 

Perform operations to remove deploy /retract 
actuator output shaft coupling 

Two bolts in shaft coupling; 
output shaft must be disen- 
gaged since cannot back-drive 
actuator 

d Retract solar array 
panel /moni tor 

Visually verify solar panel recinch mecha- 
nism latches are open; perform manual re» 
traction of solar array panel; monitor re- 
traction operation 

Three latch interfaces on re- 
cinch mechanism; assumes re- 
traction mechanism is opera- 
tional , actuator only had 
failed 

9 Recinch solar panel/ 
moni tor 

LST MOC command solar array panel recinch- 
ing; monitor latching operation and verify 
red nch 

Requires voice communication 
coordination with LST MOC; 
assumes recinching mechanism 
operational; EV crewmen re- 
main in proximity until re- 
cinching achieved 
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TABLE 2*4.6: LST EVA Tasks --- Mission Scenario No. 2 (Continued) 


TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

4. WORKSITE CLOSEOUT FOR 
SOLAR PANEL RETRACTION 



d Remove portable work- 
station and support 
equipment 

Remove all support equipment from worksite 

Reverse of installation 
operations 

e Stow tools and EVA sup- 
port equipment 

Crewmen return to payload bay and stow all 
EVA support items 

Reverse of unstowing opera- 
tions 

i Monitor RMS engagement 
of payload 

Observe RMS capture and stabilization of 
LST 

Orbiter cabin payload station 
operations; EV crewmen 
observe operation from pay- 
load bay 

• Return MMU to FSS 

Translate to fW FSS; doffj stow and re- 
charge MMU, if required 

Two EV crewmen perform sepa- 
rate simultaneous operations 

• Translate to and ingress 


TASK COMPLETE 

ai rlock 
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TABLE 1AJ\ LST EVA Task Completion Plans — Mission Scenario No. 2 


1 TASK ANALYSIS: TIMELINES AND PROCEDURES 

1 ACTJVITir TITLE; Retract Failed Solar Arr^ Panel 


raDE; m WITH KM 

Shaet 1 of 6 

TIME 

[Min.) 

SEQ. 

FUNCTION AND CREW TASK | 

SYSTEM/PAVLGAD 

IflTEBFACES 

SPECIAL REqurs., 
REHARKS, ROTES 

OJH. 

TASK 

EVA CM! 

EVA CF!2 

OTHER SUPPORT 



1,0 Prepare for unscheduled two -man EVA to inspect and retract malfunctioned 
port (-V2 aKis) solar array panel for safe Orbiter KMS eogagamant/capturQ 
and retrieval of LST from free space 

LST systct53 in capture 
configuration except 
for folled/extendad 
soTor amy panel 

EKU tfithorj FJSt TV and 
lighting 

Orbiter Is statiwi keeping 
with the 1ST at an approx, 
distance of 15.2a (50 ft) 

5.0 

5a0 

1,1 

Cca^leto EVA preparation; 
TOtrleire battery piE^ered 
portcble light fns5i air- 
lock and tether to EKU 

CoE^jlote EVA preparations; 
retrieve battery powered 
porteble light from air- 
lock stowage and tether 
to E»2J 

Payload Stotlon: Acti- 
vate payload b^y Hat- 
ing; activate RltS TV 
and lifting and maneu- 
ver RMS to Vicinity of 
LST failed solar panel 
retraction caehanlsfi 

Orbiter payload specialist 
monitors all EVA operations 
outside payload bay via 
payload station video; 

*2 battery powered portable 
light meflbllfls required 

7,0 

2a0 

1.2 

Egress airlock and trans- 
late to Flight Support 
Station (fSS) 

Egress airlock end trtnsUto 
to m) FSS 


Orbiter peyload b^ 
handrails 


32 aO 

25.0 

1.3 

Ingress FSS Ho.l; Don and 
che^out stow port- 

able light for traniUtlon; 
perform trial flight 

Ingress FSS fio.2|0on and 
chedcout fW; stow portable 
light for translation; 
perfora trial fTl^t 


FMU FSS 

required for crewman 
translation outside pay- 
load bay In free space 
(2 requited) 

36,0 

4.0 

1.4 

Translate to LST in vicinity 
of port (-V2 axis) solar 
array panel deployment/ 
retraction loechiJllSB 
and stabilise 

Translate to LST in vicinity 
of port (-V2 axis) solar 
array deploynent/ 

retraction vechanlsia and 
stabilize on opposite side 
free CRI 

i 

! 

Payload station: Rain- 
tain RHS position con- 
stant during crewnen 
translation 

LST haiwirfills 


• EVA support epuipnent required to coivlete LST Mission Seenerlo Ho.2 to be nrowlded bv oavload 
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TABLE 2.4.7: LSI EVA Task Completion Plans — Mission Scenario No. 2 (continued) 


TASK ANALYSIS: TimiNES AND PROCEDURES 

ACTIVITY TITLE; astrwt Failed Solar Array Panel 


Sheet g of 


um tmn,) 


am. 


TASK 




12.0 




1 .S 


1.6 


54.0: 


57.0 


63.5 


4.0 


3.0 


5.5 


62.5 62,5 


1.7 


1.8 


1.9 


FUKCTION AKD CREW TASK 


EVA CKl 

Inspect solar arr^ penol 
dS 9 t<^/rQ tract 
(islrin portable light as 
rsqttmO to lllusrineta ar@a 

Tr^lflte clear of LSI solar| 
mtif^ tST 

C; 3 af®t 1 c :0 fent^ar crsij 
elesr for ratracticn 
G^^itpr ff«3 d9ter*j 
sAm states 


Diagnoso pniblo:^ ajid 
fonsulate correctlvo 
Hork plan 

Continue os above 


Translate to wor^tte at 
follod solar p&nal natroc* 
tIOT) aschenlsu actuator * 
st^lHzs and attach tether 


EVA cna 


Uiinq portable light assist 
041 in ins^ctlon of solar 
arri^y panel dsploy/rotract 
sachanlsa 

Tr^nsloto clear of 1ST solar 
panal (eppssite fro« CMl); 
ixnitor solar paiel mtrac- 
tlcn ettoQ^ts end datereiiM 
status 


Assist C^l and detoretne 
tool s/support equIpMnt 
required 

Translate to equipment 
stowage racks; Ingress 
f<K)t rastraints 


i^trievo port^le workstation, 
canT?-all oonttlnar and 3 
equlfsaent tothcY^; tether ttid 
$tfl» RHilp^ot for transfer 
i^d rstom to CNl irorkslte 


OTHER SUPPORT 


SYSTDt/PAYLOaO 

IHTEHFACES 


SPECIAL REOHTS.p 
gEKARJCS. ROTES 


1ST KQC: Send teleisatry 
ceased to retract soUil 


Solar penal deploy/ 
retract oodienfsaa 


I Lock for obvious davago 
to escchanisio/actuatort 
nechantsa alsallgnment* 
binding or Interference 


RF volc^ coEsnunlcati^i^ 
157 csmnd tolei^tiy 


arrey p^l d rai»at f 08 t| and solar panol ratvvc'i 


tioas. 

PaylKwl station: Posi- s 
tion aiG TV and ll^tlnd 
for v14ao co n i to ri ng 


tlon Qschanis^actuatorf 


Phylosd Station; tiain* 
tain RH5 position c<^ 
ttacit (hiring cmaan 
translation 


* EVA support equ1{»Git required to o^lete 1ST Kisslon Scenario Ho. 2 to be provided by payload 


IfV'SfSSE equlpaent 
stowage racks In 
Orbicer payload b^y 


BSS tether; tW 


Inspection has rovoaled 
pr»l Is in correct attf-' 
tudt» articulation gl^te 
lock-out mchani^ iq 
engaged correctly for re- 
traction and no obvloia 
dM«t fidsalfgnaent or 
binding exist in retract 
■ediaAise 

Pallors of panel to retracf 
indicates oKhanlSB ectua- 
tor has failed 

E(»t rsstrainU {2 sets) 

provided at stowage racks 


•Support equipnenc reqti1re{| 
0 1 portable workstation 
(with tool fcit/hand 
tools and adjustable 
battevy powered light) 
a Carryall container 
e 3 aquipwant tethers 
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TABLE 2.4.7: LST EVA Task Completion Plans — Mission Scenario No. 2 (continued) 


ro 
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I 


s 

0 

0 

0 

% 

« 

r 

0 

0 
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TASK ANALYSIS: TIMELINES AND PROCEDURES 


( ACTIVITY TITLE: 

Retract Failed Solar Array Panel 


TIME 

[Kin.) 

SEQ. 

FlINCTIQH m CREW TASK | 

CUM* 

TASK 

EVA CM1 

EVA CM2 

OTHER SUPPORT | 



2.0 tfi^rkslte preparation for solar arre^y panel manual retraction 

<}.5 

4.5 

2.1 

Deploy, attach and Ingress 

Assist PU to sot up work* 





bortid)le workstation; acti- 

station; transfer to opposite 





vate and adjust iMrkstitlon 

aids of mechanism from QU) 





light; deploy tool kit and 

stahtllze and attach tathors 





equipment tethers 



7.0 

2.5 

2.2 

UnstCM^ assad)le and tether 

Unstow and restrain cany- 





hand tools to workstation 

all container 


69.5 

7.0 







3.0 Failed solar array panel manual override retraction 

i.s' 

1.5 

3.1 

Disconnect electrlcil 

Assist Oil: restrain 





connector from actuator 

electrical connector 






when removed 


n.5 

10.0 

3.2 

Remove two bolts from 

Assist Oil: tether output 





deploy/retract actuator 

shaft coupling, capture 





wtput shaft coupling; 

bolts with magnetic re- 





remove coupling from 

talnar and stow bolts and 





shift 

coupling 



EVA support equipment required to coonlete 1ST ttlsslon Soen«iio Ko.2 to be provided by payload 


Sheet ^ of 


SYSTEH/PAYLOAO 

vnm^ts 


LST hfindralls tnd 5SM 
equlpsent sectloo 
terior 


EVA portoble hroirkstA^ 
tion 


Electrical connector 
housing 


jActuator output shaft 
coupling 


SPECIAL AEQHTS.o 
REKARKS, K0TE5 


[Woristatlon light used to 
Illuminate lexnedUte Hork 
ireet hand tool tethers 
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LST EVA Task Completion Plan; — Mission Scenario No. 2 (continued) 
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TABLE 2.4.7: 


LST EVA Task Completion Plans — Mission Scenario No. 2 (continued) 
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• Realizing the potential requirement for an unscheduled EVA in free 
space* crew mobility aids and restraints (i.e., tether attach points, 
handholds, handrails) are provided by the payload. 

B Foot restraints (2 sets), tether attach points and mobility aids 
are provided at the equipment stowage racks. 

• Sufficient lighting is provided by the Or biter and payload to 
perform all extravehicular tasks. 

B RMS TV/lighting is available to support video monitoring of extra- 
vehicular crewmember activities in free space. 

B EVA support equipment items (i.e., portable workstation, tethers 
and tools) and MMU's are payload-provided in stowage racks and 
flight support stations, respectively, located in the Orbiter 
payload bay. 

B Since design details were not available for LSI equipment physical/ 
functional interfaces and EVA support equipment, conceptual designs 
were assumed or developed to implement procedures/timeline develop- 
ment. 

EVA support equipment in addition to the present Shuttle Orbiter accommoda- 
tions will be required to complete the unscheduled payload corrective 
action using the MMU. The additional support items are discussed and 
summarized in Section 3.0 (Payload EVA Task Support Requirements) of this 
study. 
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2.5 SHUTTLE INFRARED TELESCOPE FACILITY (SIRTF) 

2.5.1 SIRTF Program Desciptlon 

2. 5. 1.1 Introduction 

The Shuttle Infrared Telescope Facility (SIRTF) is one of a series of 
astronomy missions with the general objective of viewing the celestial 
sphere using an array of sensors designed to provide specific information 
concerning stellar and extended sources. The SIRTF mission objectives are: 

(1) to detennine the physical processes, nature and structure of stars, 
galactic nebulae, interstellar matter, galaxies and other sources of infrared 
radiation in the 1-1000 pm wavelength region; (2) observe line emission in 
comets and planets; and (3) to experiment in the development of IR detector 
technology. The SIRTF relationship to other astronomy discipline objectives 
is to bridge the spectral region bounded by centimeter and millimeter wave length 
radio astronomy and by the optical ultraviolet X-ray observation. The SIRTF 
can observe short term phenomena in the radio and infrared regimes currently 
inaccessible to ground observations. 

The 1 -meter, liquid cryogenically-cooled IR telescope consists of a Cassegrain 
primary mirror with oscillating secondary cooled baffles, and a movable sun 
shield. The system accommodates six cooled instruments near the telescope 
focal plane. The six experiment objectives are listed in Table 2.5.1. 

A rotatable, tertiary coupling device directs the beam into the appropriate 
instrument. There is no direct focal plane access during operation. The 
SIRTF is optimized for the 5 to 200 pm spectral range. 

2. 5. 1.2 SIRTF Payload Configuration 

Phase B SIRTF studies were being conducted by the Hughes Aircraft Company 
concurrent to this EVA study. The SIRTF and supporting equipment 
ciiaracteristics, location in the Shuttle payload bay, and final equipment 
configurations were not available. This report selects concepts, 
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configurations, and supporting hardware locations based on Hughes data 
presented in July 1975 to the NASA Ames Research Center. 

An SIRTF configuration and major supporting subsystem concept are shown in 
Figure 2.5-1. The major SIRTF pallet mounted systems located in the pay- 
load bay include the following: 

t SIRTF telescope assembly 

• Telescope gimbal/mounting system 

9 Control moment gyroscope attitude control subsystsn 

9 Supercritical helium stowage tanks 

0 Water stowage tanks (Fuel cells) 

9 Telescope protective cover 

9 Electronic Equipment: 

- Electrical checkout and test units (6) 

- Guide star tracker 

- High speed multiplexer/demultiplexer units (2) 

- Telescope control electronics. 

The SIRTF flight configuration, based on early 1976 documentation, will require 
a minimum of two payload pallets and will be flown on combined missions with 
other IR experiments. 


2. 5. 1.3 SIRTF EVA Requirements 

The SIRTF is being designed for operation from a payload station within the 
Orbiter cabin. No EVA is currently being planned, and only contingency 
extravehicular operations in the event of subsystem/component damage or mal- 
function. The possible EVA tasks associated with the SIRTF are categorized 
as unscheduled, contingency or potential planned as defined in Section 2.1.1 
of this report. The SIRTF major systems are discussed in the following 
subsections to identify system components and operations which may benefit 
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from EVA capability should on-orbit problems occur. Since the SIRTF hard- 
ware design program is not scheduled for completion until early 1979, design 
details are limited. 

2,5.2 SIRTF Payload Description 

An SIRTF system block diagram is shown in Figure 2.5-2. The diagram 
depicts the SIRTF, Spacelab, and Orbiter associated hardware under study in 
early 1976. 

2. 5. 2.1 SIRTF Telescope Assembly 

The SIRTF telescope assembly is shown in Figure 2.5-3 with the sun shield 
retracted. The internal assembly precision design and alignment requirements 
preclude the need for on-orbit EVA interior access. The exterior of the 
telescope assembly incorporates subsystems such as sun shields, mechanical 
deployment devices, laser alignment components, insulation, etc. that may 
be candidates for EVA servicing/repair in an unscheduled or contingency EV 
mode . 

The telescope assembly is approximately 729 cm. (23.8 ft.) in length and 
174 cm. (5.7 ft.) in diameter with the sun shield deployed. The telescope 
sun shield (Figure 2.5-4) is approximately 236 cm. (7.7 ft.) long and 
292 cm. (9.6 ft.) in diameter employing an externally mounted deployment 
linkage. Several instrumentation and al ignment modules (black boxes) may 
be mounted on the telescope exterior which would permit EVA replacement or 
servicing on-orbit. A combination of both interior and exterior insulation 
is being studied for the telescope assembly. In the event of exterior 
insulation damage during launch or payload erection, EVA repairs could be 
effected to restore thermal integrity. 

2. 5. 2. 2 Telescope Gimbal/Mounting System 

The SIRTF telescope gimbal and mounting system being studied consists of a 
European Instrument Pointing System (IPS) for telescope stabilization and 
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pointing. The IPS gimbals consist essentially of a universal joint mounted 
on a support structure, Figure 2,5-5. Tiie support structure is then mounted 
cn a standard Spacelab pallet. The telescope is supported at the aft end 
L'oint. To avoid damage or misalignment to the gimbal bearings during launch, 
tne telescope will be decoupled from the gimbals and supported along the 
entire length by structures within the bay. Angular travel about a pair of 
axes normal to the telescope 1 ine-of-sight is provided by the bearings of 
the universal joint. Capability for rolling the telescope about the 1 ine- 
of-sight is provided by rotation of the universal joint about the support 
structure. The gimbal base is soft-mounted to the structure to partially 
isolate the gimbals from base-motion disturbances. 

The ring gimbal (the gimbal mounted on the support structure) is designated 
as azimuth and provides +^180® angular travel (Figure 2.5-6). The inner 
gimbal is designated as cross-elevation and provides +60° angular travel. 

The outer telescope supporting gimbal is designated as elevation and provides 
+90° angular coverage (ref. Figure 2.5-6). 
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Mounted on or in the immediate vicinity of the gimbal system are stabili- 
zation gyroscopes, power and gyro interface electronics, data distribution! 
boxes and various telescope support hardware. This category of equipment 
can be serviced or replaced if the system is designed for on-orbit main- 
tenance. Additional equipment including gimbal locks, telescope tilting 
mechanisms, and jettison devices could utilize EVA In contingency situations 
(ref. Figure 2.5-5). 


2. 5. 2. 3 Control Moment Gyroscopes 


A control moment gyro (CMG) attitude control subsystem is being studied 
for SIRTF stabilization. The gyro subsystem will consist of 4 single 
gimbal CMG's located on standard Spacelab pallets or platforms. The tele- 
scope will be slaved to the platform by means of the Instrument Pointing 
System (IPS) gimbal servo-mechanisms to stabilize the SIRTF to within 1 arc- 
second. The stabilization accuracy is further improved by using the plat- 
form gyro signals as inputs to autoalignment mirror servos. The com- 
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bination of IPS gimbals, the SIRTF stable platform, and the autoalignment 
systan permit stabilization to within .25 arcsec. 

The SIRTF platform CMG's (Figure 2.5-7) will be accessible by the EVA 
crewmembers based on early studies. Design permitting, the CMG’s could 
be replaced on-orbit by EVA. 

2. 5. 2. 4 Cryogenic and Water Stowage Tanks 

Cryogenic stowage tanks for supercritical helium are required for 2°K 
SIRTF cooling. One tank is required for 7-day Shuttle flights and two for 
30-day missions. Tank locations are depicted in Figure 2.5-7. Each empty 
cryo tank weighs approximately 894 kg. (1970 lbs.) and provides a 210 kg. 
(465 lb.) cryo SHe supply. 

Stowage tanks for fuel cell produced water are included in the SIRTF support 
hardware. Two tanks are required for a 7-day flight and four tanks to 
support a 30-day mission. Tank location relative to other SIRTF hardware is 
shown in Figure 2.5-7. Typical EVA applications may involve contingency 
operations to repair water tanks or associated plumbing to prevent telescope 
contamination. 

2. 5. 2. 5 Telescope Protective Cover 

A protective cover is provided in the payload bay for damage and contam- 
ination protection prior to SIRTF orbital operations. Current concepts 
depict the protective cover and supporting assembly integrated into a 
dedicated SIRTF support structure (ref. Figure 2.5-7). Operation of the 
protective cover is designed as an automatic SIRTF function; however, design 
does not preclude manual contingency removal and replacement. The cover 
will be approximately 178 cm. (70 in.) in diameter. 

2. 5. 2. 6 Electronic/Support Equipment 

It is anticipated that several "black box" SIRTF supporting assemblies will 
be mounted in the payload bay and accessible by EVA crewmen. The supporting 
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assemblies may include electronic checkout and test units, star tracker 
subsystems, telescope control electronics, and cryogenic monitoring equip- 
ment. The quantity, physical characteristics or payload bay locations 
were not totally defined in the preliminary design studies terminating in 
late-1975. However, it is assumed that such externally mounted equipment 
critical to SIRTF operation will be designed for on-orbit replacement and/or 
servicing. 

2,5,3 SIRTF EVA Task Selection 

2. 5.3.1 Planned EVA 

The SIRTF preliminary design studies have indicated the facility to be 
totally operated from the Orbiter cabin using controls and automated features 
designed into the payload station. No planned EVA functions are 
identified in the early SIRTF design studies. 

2. 5.3. 2 Unscheduled, Contingency and Potential Planned EVA 

Paylbad damage or systems malfunction during launch or orbital operations may 
require EVA support to return the experiment to operational status, salvage 
equipment, or ensure safe vehicle and crew return. Under such conditions, an 
EVA mission could be conducted to perform corrective functions for experiment 
completion or configure/jettison equipment for safe flight termination. 
Typical EVA tasks are identified based on postulated anomalies and classified 
as unscheduled or contingency EVA in Table 2,5.2. 

Since complete provisions are furnished by the Shuttle Orbiter to conduct two 
EVA's (two crewmembers) of 6 hours duration on each Shuttle flight, 
elimination of certain automated subsystems in the preliminary SIRTF design 
phase may be cost effective to the payload. Replacement of automated systems 
with manually actuated devices for EV crewman operations are suggested in 
the identification nf potential planned EVA tasks in Table 2.5.2. The 
potential EVA tasks identified are based on the utilization of EVA and base- 
line EV support equipment to replace automated systems. 
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TABLt 2.5.2: SIRTF EVA Task Identification 


UNSCHEDULED EVA 

CONTINGENCY EVA 

POTENTIAL PLANNED EVA 


Release/secure telescope 
hold-down clamp(s) 

© 

Inspect/diagnose payload 

» Payload Setup (Manual) 

© 

Deploy/repi ace telescope 
front cover 

© 

Remove debri s/damaged hard- 
ware 

- Remove telescope hold-down 
clamps(l 2) 


Remove/replace contamination 
shields 

0 

Engage telescope hold-down 
cl amps 

- Remove and stow telescope 
front cover 

© 

Release/secure qimbal locks 

i 

Recouple gimbal system 

- Remove and stow contam- 
ination shields 

© 

Repair insulation (exterior) 

d 

Remove telescope front cover 
from stowage and engage 

- Couple gimbals to telescope 

$ 

Replace laser alignment 
source 

@ 

Vent cryo tanks 

- Deploy sun shield 

ft 

Rep v: ."/remove sun shield 
linkage 

© 

Remove/jettison H 2 O tanks 

- Mate instrumentation 
interfaces 

• 

Deploy/ retract sun shield 

9 

Jettison telescope assembly 
(manually) 

• Payload stowage 

0 

Replace control moment gyro 

0 

Direct RMS telescope jettison 

- Reverse above operations 

« 

Replace gyro interface elec- 
tronics 

d 

Configure SIRTF hardware for 
reentry following malfunction 
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TABLE 2.5.2: SIRTF EVA Task' Identification (continued) 


UNSCHEDULED EVA 

CONTINGENCY EVA 

POTENTIAL PLANNED EVA | 

e Couple gimbals to telescope 

• Service/replace electronic 
support packages 
(black boxes) 
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2.5,4 SIRTF EVA Mission Scenarios 

The SIRTF primary source of information used in developing representive 
EVA mission scenarios was the preliminary SIRTF design study performed by 
the Hughes Aircraft Company. The SIRTF study was performed concurrent 
with this EVA applications study; the major objectives were as follows: 

® Feasibility of a one meter class cooled infrared telescope for 
Shuttle application 

8 Development of preliminary SIRTF design 
0 Identification of technology requirements 
« Estimation of performance and cost. 

Since the SIRTF telescope and supporting systems were in the conceptual 
design phase, the operational subsystems, equipment and components con- 
figurations were obviously not available for study relative to EVA 
application. The preliminary SIRTF design, however, indicates all external 
operations will be remotely controlled from the Orbiter payload station. 

No. planned EVA operations are presently identified. 

Two EVA mission scenarios were developed from an analysis of the represent- 
ative SIRTF tasks identified in Table 2.5.2. Several separate tasks were 
combined into a typical payload EVA mission based on the representative 
tasks. SIRTF EVA mission scenario number 1 assumes an electrical power 
failure to several telescope subsystems. The telescope, while being re- 
tracted into the reentry position, experiences a loss of power in the 
gimbal system and stops in the partially extended position, In order to 
close the Orbiter payload bay doors for reentry the telescope must either 
be jettisoned or an EVA mission conducted to salvage the SIRTF experiment 
equipment. Further visual observation indicates possible damage to the 
payload bay door closure mechanisms if jettisoned in the failed attitude. 
The EVA option is selected and is classified as a contingency operation. 

In order to configure the SIRTF for reentry a combination of manual and 
automated tasks must be performed. The crev/man tasks consist primarily of 
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releasing the telescope gimbal system, retracting the sun shield, 
positioning the telescope, replacing the contamination cover, engaging 
the launch locks, etc. The major tasks involved and task performance 
rationale are provided in Table 2.5.3, 

The second SIRTF EVA mission scenario is based on the payload being 
initially designed to employ manually actuated equipment and man-machine 
interfaces incorporated for conducting on-orbit EV experiment operations. 
The SIRTF design as currently conceived will use automated systems to 
actuate all latches, locks, deployment mechanisms, cover removal/stowage 
subsystems, etc. The potential planned EVA mission scenario assumes 
simple manual systems in lieu of the above. The major extravehicular 
operations would involve releasing launch lock mechanisms, removing 
contamination covers and manually deploying experiment systems at experi- 
ment initiation and reconfiguring the experiment hardware for reentry, 
the primary tasks for the SIRTF mission scenario no. 2 are listed, and task 
performance rationale provided in Table 2.5.4. 

2.5.5 SIRTF EVA Task Completion Plans--Miss1on Scenario No. 1 

The SIRTF EVA task completion plans are designed to provide a preliminary 
set of crew procedures and timelines depicting the major sequential steps 
in accomplishing the payload servicing requirements. The task completion 
plans delineate the major elements of the EVA mission and the extra- 
vehicular mission support requirements including the number of crewmen, 

EVA mission time, restraints, tools, translation aids, safety tethers and 
other ancillary equipment. 

The preliminary timelines and procedures developed for the SIRTF mission 
scenario no. 1 (contingency EVA to retract and stow the telescope for 
reentry) are contained in Table 2.5.5. The following assumptions relative 
to Orbiter and payload EVA accommodations and mission scenario task per- 
formance are listed below: 
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TABLE 2.5,3: SIRTF EVA Tasks — ■Mission Scenario No. 1 
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TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS | 

RETRACT AND CONFIGURE SIRTF 

Perform a two-man contingency EVA 

Malfunction in SIRTF power 

For reentry 

to stow SIRTF payload for reentry 

system resulting in only 
partial retraction of tele- 
scope 

|o Egress airlock and 
1 translate to telescope 

Crew translation using payload bay hand- 
rails 

Use existing mobility aids 

0 Inspect and diagnose 

Determine approach to telescope stowage 

May require use of payload 
structures as crew trans- 
lation aids 

a Translate to tool stow- 
age 

Retrieve equipment tethers, tools and por- 
table EVA foot restraints 

Stowage locker located in 
payload bay 

© Transfer repair equip- 
ment to worksite 

Hand carry repair equipment 

Tethering equipment to crew- 
man 

a Deploy and ingress EVA 
workstation 

Attach workstation to Orbiter or payload 
structure 

Requires workstation inter- 
face or "universal" attach- 
ment fixture 

a Attach equipment tethers 
to telescope 

Attach tethers to aperture end of tele- 
scope 

Required to control tele- 
scope during positioning 

» Position telescope 

Retract telescope to stowage cradle 

Requires gimbal system drive 
release or "backdrive" units 

» Retract sun shield 

Position sun shield for telescope stowage 

Must be retracted for stow- 
age 
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TABLE 2.5.3: SIRTF EVA Tasks — Mission Scenario No. 1 (continued) 


TASK/ACTIVITY 


OPERATIONS OVERVIEW 


RATIONALE/REMARKS 


0 Replace contamination Position cover for telescope stowage Cover subsystems incorpora 

cover launch lock devices 

0 Configure subsystems for Position restraint/locking devices to pre- Includes gimbal mount, 

reentry and landing vent telescope systems damage thermal isolators, gyros, 

mirrors, sun shield, etc. 

9 Secure telescope launch Engage intermediate and front support arm Secures telescope for re- 
support latches securing units entry 

e Ingress airlock MISSION COMPLETE 
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TABLE 2.5.4: SIRTF EVA Tasks — -Mission Scenario No. 2 


i ! 

TASK/ACTIVITY 

OPERATIONS OVERVIEW 

RATIONALE/REMARKS 

SIRTF PAYLOAD ON-ORBIT 

Perform a two-man (potential planned) EVA 

Manual design should be 

SETUP {WnUAL} ' ' ~ 

to configure payload for on-orbit operatior 

economical in payload 
development and number of | 

o 


launch programs 

0 Egress airlock and trans- 

Translate using Orbiter and payload pro- 

Access provisions incorpor- ; 

late to tool stowage 

vided handrails 

ated in design 

0 Retrieve dedicated tool 

Ingress foot restraints, open stowage con- 

Requires standard tools only 

kit and restraints 

tainer and retrieve tools 

0 Translate to gimbal end 

Hand carry tools and equipment to worksites 

Tether equipment to spacesuit 

of telescope 

and attach foot restraints 

0 Retract thermal 

Insert tool and actuate isolator mechanisms 

1 

Cryogenic jacket is secured : 

isolators 

by thermal insulators during 
launch and are decoupled for 
operation 

0 Uncage Instrument Point- 

Engage tool and uncage gyros 

Gyroscopes are caged when 

ing System (IPS) gyros 


not operating i 

and mirrors 



jo Release IPS launch locks 

Manually release IPS launch locks 

No tools required ; 

0 Release intermediate 

Manually release intermediate support/ 


telescope support 

launch latches 


latches 



0 Deploy sun shield 

Release latches and deploy sun shield 

No tools required i 
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FABLE 2.5,4: SIRTF EVA Tasks -- Mission Scenario No, 2 (continued) 


TASK/ ACTIVITY 


OPERATIONS OVERVIEW 


RATIONALE/ REMARKS 


0 Attach EMU contamin- Attached by second tV crewman 
ation collector to EMU 


Retains H 2 O vapor for TBD 
min. 


s Remove contamination Release latches, remove and stow 
cover and stow 


Time limited operation to 
avoid contamination 


6 Release front support Manually release latches on front of tele- Time limited operation 


locks 


scope 


Deploy telescope to Deploy telescope free of stowage rack Time limited operation 

intermediate position restraints into the intermediate position 


• Ingress airlock 


MISSION COMPLETE 
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0 Only partial electrical power to the payload is lost. 

e Adequate crew mobility aids are provided by the Orbiter to 
inspect the payload. 

0 Structural equipment and hardware protrusions on the payload 
and pallets (and in payload bay) provide sufficient mobility 
aids for crew access to required payload areas. 

e Standard Shuttle tool kit contains the necessary equipment for 
task completion. 

@ Two qualified crewmembers are available for conducting EVA. 

fi Capability exists to manually disengage drive systems, release 
clutches/brakes or backdrive the subsystems necessary to effect 
telescope stowage. 

. ® Provisions for manually engaging the launch lock mechanisms are 

incorporated into the unit design. 

0 Sufficient lighting is provided by the Orbiter to perfonn the 
EV tasks. 

0 Foot restraints (1 pair) and mobility aids are provided at the 
tool stowage locker. 

0 No spare parts or special tools are available for payload 
servicing. 

Detail design of SIRTF equipment/subsystems that may require an EV man- 
machine interface to complete mission scenario no. 1 was not available 
during this study. Only overall conceptual layouts of the major components 
were available from the SIRTF preliminary design study contractor (Hughes 
Aircraft Company). In performing the tasks included in the EVA mission 
scenario it was assumed that the operational hardware subsystems and man- 
machine interfaces encountered would be compatible in design to "typical" 
Shuttle payload subsystems. 
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The mission scenario is performed with basic hand tools from Shuttle on- 
board stowage — no additional EVA support equipment is required. The SIRTF 
EVA mission scenario no. 1 preliminary timelines and procedures are provided 
in Table 2.5.5. 

2.5.6 SIRTF EVA Task Completion Plans — Mission Scenario No. 2 

The second SIRTF EVA mission scenario is based on the payload being designed 
for manual on-orbit release and configuring at experiment initiation and 
stowing prior to reentry. The payload automated launch locks, contamination 
covers, retraction devices, equipment caging units, gimbal locks, etc., would 
be replaced with manually operated mechanisms. The payload subsystems would 
provide man-machine interfaces for either manual unassisted operation or 
interfaces for "standard" tools. The hypothetical EVA mission operations 
release the payload from the launch configuration, actuate all externally 
accessible mechanical subsystems required to effect operational status and 
assists initial telescope erection. 

The primary EVA tasks selected for SIRTF mission scenario no. 2 are outlined 
in Table 2.5.4 including EVA task performance rationale. The EVA task 
completion plans, shown in Table 2.5,6, provide a preliminary set of time- 
lines and procedures to configure the payload for orbital operation. The 
reverse procedure would be used at experiment completion. Assumptions and 
guidelines associated with the mission scenario include the following; 

9 The SIRTF mechanical subsystems are specifically designed for on- 
orbit EV operation and servicing. 

0 Only manually actuated devices and standard mechanics hand tools 
will be used to perform the SIRTF tasks. 

e Crew translation aids are provided at all required locations by the 
payl oad . 

9 A set of portable foot restraints for each crewman and foot 
restraint ingress aids are provided by the payload. 
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TABLE 2.5.5: SIRTF Task. Completton Plans — Misston Sctnario No. 1 
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TABLE 2.5.5: SIRTF Task Completion Plans — Mission Scenario No. 1 (continued) 
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TABLE 2.5.5: SIRTF Task Completion Plans — Mission Scenario No. 1 (continued) 
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TABLE 2.5.5: SIRTF Task Completion Plans — Mission Scenario No. 1 (continued) 
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TABLE 2.5.5: 


SIRTF Task. Completion Plans — Mission Scenario No. 1 


(continued) 
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TABLE 2.5.5; SIRTF Task Completion Plans -- Mission Scenario No. 1 (continued) 
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TABLE 2.5.6: SIRTF Task Completion Plans — Mission Scenario No. 2 
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previsions (passive) ere 
deslqiied Into payload at 
( each ^rkslte 

Retracts cryogenic ele- | 

nents securi^ by thsnral | 

Isolators for lotmch. | 

launch Icck octuollon 1 

required 3/Q” drive j 

ratefrat. I 




ro 3: 
o 
C-» o 


o 

o 

— J 

cr» 



SPACE SHUTTLE EVA 


OOOO ~7~I3iV/VOOCPi^ 


TABLE 2.5.6: SIRTF Task Completion Plans -- Mission Scenario No. 2 (continued) 


TASK ANALYSIS: TIMaiNES AND PROCEDURES 


t>o 

cjl 

I 

UJ 

U) 



Itihe 

Mn.) 

SSQ. 

Rjficnwa m crew task I 

I cun. 

TASK 

EVA CMl 

EVA ai2 

OmEft SUPPIK1T 

1 

5.0 

2.2 

UBc^a InstTisaent pointing 
SystE^ (IPS) gyrcscopsfi 

Translate to telescope 
starboard side IntsnBedlats 
launch lock location; at* 
Uch cm tether 


13.0 

4.5 

2.3 

Uncage telescope ttlrrora 

Sm» as above 


17.5 

4.5 

2.4 

Ret^se IPS launch loots 

Release telescope starboard 
side Intemedfate lauiKh 
lock (leave safety latch 
attached] 


20.0 

30.0 

2.5 

20.0 

2.5 

Stm tools In cad^y; egress 
foot restraints; detach 
tether 

Translate to global end of 
telescope; retrieve f<»)t 
restraints 




3.0 Rwve cont»ilnatile« cover and %tw 

3.5 

3.5 

3.1 

Translate to tool steatge 
lodcer; Ingress foot 
restraints 

Translate to sun shield area; 
attach foot restraints and 
Ingress (port side) 


7,5 

4.0 

3.2 

Stew tools end retrieve BUI 
contwiMttwi c»U<ctor» 

Ssleise contaaliMt'ton cover/ 
front teletcope aupport 



^Required to avoid oontaHtEibtlog piyloid; payload REQUIRES FEAST BIUTY STUDY. 


SYSTEM/PAYlflAD 

IffTERFACES 


Poyload support 
stmcturc; tools 



Orbltor and ^loeid 
bay translation aids 


Releases IPS ijyros; use 
3/3“ dpUve ratchet and 
extension 


Kanuflily retract alrror 
caging ittchsnisa; fitse 
3/8" drive ratchet and 
extension 


Atuch foot restraints ci> 
port side of payload sup*' 
port cradle 


*T«o opntanlnatlon collec 
tors required to prevent 
payload coataelnatlon 


5 

o 

m 

CO 

X 

c 

■H 

fr 

m 

m 

< 

> 


PO 3 
O 
Cj o 


_J O 

(X> — < 
•vj -PS. 

o> 




TABLE 2.5.5: SIRTF Task Completion Plans — Mission Scenario No. 2 (continued) 


TASK ANALYSIS: TIWELINES AND PROCEDURES 




! ACTIVITY TITLE: 

SIRTF Payload D?i-0rb1t Sfltuo (Hanuil) 



Sheet 3_of _5 

1ti«£ 

S£Q. 

FUiiCTltfl jua> CREtt TASK 

SrSTra/PATUM 

nmiFACES 

SPECLAl {tEQHfS., 
RENUK5. KOTES 

|qn. 

TASK 

EVA cm 

EVA C«2 

imiER arpRoir 




egsiKJs Fcot 
pesftrainta 

latchas 




I 12.0 

4.5 

3.3 

Dotacl) rostra^nrtas 

tether rostraists to sjacs- 
suit svi6 trsialato tit 
shield (starboard side) 

risst; assist cm; 

Egress foot restraints 


Telescope stm shield/ 
cixitasilnatfon cover 
htnhsare 


15.5 

3*5 

3.4 

Attach foot restraints on 
starboard sida of teleso^ 
supjn^rt cradls; Ir^reas 

Attach cont^natlon collec- 
tor tQ CRl life support sys- 
tems std^ltaatof exheust port 



ContcsInatICii collector 1 
retains water vapor frtEn 
the subltetor for 18-24 
nlnutes 

19.0 

3.S 

3.5 

Attach omtaalcatlon colla- 
tor to G12 life support sya- 

tem 

Esttnm ts foot restraints; 
Ingress 




1 23.5 
1 

4*5 

3.6 

Release contcninaticm t;Qvar/ 
front telescope support 
latches (starboard side); 
retract cover/suppert 

Retract cootealnitlon cover/ 
support frase to allov sun 
shield dGplQ 3 a»cfit; latch 
fr^ In stowed fsisltlon 


Contaelnatloe cover 
hiirtore 

Push cover and support 
fme forward on track 
HQTE: Task Is ttee Halted 

1 

3.5 

i 

j 

i 

3.7 

Egress foot restraints, 
detach and tether to tpe co- 
suit; transfer to s^rSosrd : 
side of sun shield; 

Attach foot restraints 

Egms foot restraints. 
d$tosh and tothar to sj^ce- 
sylts transfer to port sida 
of tm shield; Attach 
foot restraints 



BOTE; Tasks rosining ore 
t1»e Halted until deer 
of contsiif nation sensitive 
area— due to collector 
capacity 

57,0 

27.0 
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TABLE 2*5.6: SIRTF Task Completion Plans -- Mission Scenario No. 2 (continued) 

TASK ANALYSIS: TIMELINES AND PROCEDURES 


TIHE ( 

[Hin.) 

□JH, 

TASK 

2.5 

2.5 

7.5 

s.o 

10.5 

3.0 



67.5 

10.5 

3.5 

3.5 

7.5 

4.0 



FUnCTIOri AND CREH TASK I 

sttj* 

EVA cm ! 

EVA C»2 

OTTKER SUPPORT j 

4.0 Retract sun shield assembly | 

C.l 

Roleass sun shield deploy- 
aaait lever safety ptn 
(starboard side) 

Release m shield deploy- 
lercr safety Pin 

side) 

Paylond Station; 
track at^ advise EV 
of tisie 

f^lnlno on contealna* 
tlon collator 

4.2 

Deploy sun shield (cocrdl- 
mto trfth 032) 

shield (cc^rdlnats 


4.3 

Lock sun shield In 
estcfi^id position 

lock tun shield 


5.0 Tenafnate EVA operations 

5.1 

Egress foot restraints and 
translate to starboard side 
Intensedlate telescope lock; 
release safety latch 

Egress foot restraints and 
translate to port side Inur- 
incdUte ulescopt lock; 
release ufety latch 


5,2 

Translate to tool atCMge 
and Sim tools 

Translate to airlock and 
Ingress 



%rsm/mim 

UnOlFACES 


SPECIAL fl£(F^S., 
mjT£S 


Telescops zm shlsia | Safety pins {pfp ptns) 
larters j for only 


Sun st)te1d dsploj^t I Actuate rxtctat handles 
handle I to deptcy sun shield 


Cocapletely releases tele- I 
scope for deptoysa&nt* 

Foot restraints rasain 
attached for reentry EVA 
operations 


Transfer contaslnatlon 
collactlon bu Into air- 
Ifich 





— Mission Scenario No. 2 (continued) 
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9 Adequate lighting Is provided by the Orbiter. 

® Tools are stowed In a locker mounted on the experiment pallet. 

9 Two qualified crewmembers are trained and available for per- 
forming EVA. 

The SIRTF EVA mission scenario no. 2 is classified as a potential planned 
EVA and Is performed in the unaided EVA mode. 
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3.1 INTRODUCTION 

In the development of representative timelines and procedures based on the 
hypothetical payload EVA scenarios, EVA mission/ task support requirements have 
been identified in addition to the Orbiter provided accommodations. The 
additional task support requirements are primarily classified as: (1) ancil- 

lary hardware items to aid unscheduled or contingency EVA; and (2) modifica- 
tion/replacement of automated subsystems with manually actuated equipment. 

The ancillary hardware items will be needed to aid worksite access, for crew 
and equipment restraints/stabilization, and as additional hand tools to 
enhance task performance. Modified systems will be required for potential 
planned EVA scenarios to fully take advantage of extravehicular capabilities. 
The potential planned EVA scenario missions are designed to replace automated 
systems with the equipment and interfaces necessary to manually perform the 
payload operations. The payload EVA task support requirements for each of 
the scenarios developed by the study are presented in this section. 

3.2 EVA BASELINE SUPPORT SYSTEM CAPABILITY 

Analysis of the crew tasks required to complete the EVA payload mission 
scenarios disclosed that the current Shuttle baseline EVA accommodations 
are sufficient to allow performance of all basic EVA functions and most 
specific task operations. The basic EVA functions include crew translation, 
cargo transfer, worksite/payload access, crewmember stabil ization/ restraint, 
and payload EV tasks not requiring special tools or crew interfaces. 

Additional tools and crew/ equipment restraints will be required to perform 
certain EV operations on payloads not presently designed for on-orbit 
servicing. However, only a minimal quantity of tools in addition to the 
Shuttle baseline complement is required for mission (EVA scenario) completion. 

The Shuttle Orbiter will provide an EVA mobility aid system (e.g., handrails, 
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handholds, and tethers) to ingress/ egress the airlock and access the forward 
bulkhead, payload bay and aft bulkhead. Many payloads can be accessed using 
only the Orbiter accommodations; however, any additional mobility aids 
required to access specific payload areas must be provided by the payload. 
Manned Maneuvering Units (MMU’s) will be available to the payload community 
to access free-flying satellites and are payload weight chargeable if used 
primarily to support payload operations. 

The Orbiter will provide EV crew restraint systems (foot restraints, tethers) 
on each Shuttle flight. The quantity was undefined at report preparation. 

For purposes of this study, it was assumed that foot restraints would be 
provided at no cost to the payload for the retrieval of tools, support 
equipment or spare hardware from a payload bay stowage facility. Additional 
units are provided by the user as weight chargeable items. 

9 

The Shuttle also provides all systems directly supporting the crewmembers 
in the extravehicular environment including spacesuits, life support 
systems, and consumables. The baseline EVA accommodations include all 
provisions to support 2, two-man EVA's of 6 hours duration each on every 
Shuttle flight. Provisions for additional EVA capability may be incorporated 
into the Shuttle as mission kits weight chargeable to the payload. 

In comparing the EVA task scenario requirements with the supporting capabili- 
ties of the Shuttle baseline EVA system, the following fundamental elements 
were considered in establishing satisfactory EV operational conditions/ 
interfaces: 

a Required expansion of the Shuttle Orbiter baseline EVA system 

a Required performance improvements of the Orbiter baseline EVA system 

a Task performance requirements that were beyond the capabilities of 
the, baseline EVA system 

a Task design alternatives that will bring task performance within the 
capability of the EVA system 
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9 Additional EVA support equipment required from the Shuttle baseline 
inventory but payload chargeable 

8 New items to be provided by the payload to effect task completion. 
3.3 EVA TASK SUPPORT REQUIREMENTS 

The payload EVA task support requirements derived from the representative 
mission scenarios are summarized in Table 3.3.1. The requirements sunmary 
lists only the additional EVA equipment and baseline system performance 
improvements considered necessary to ensure efficient task performance. 
Task/hardware design alternatives required in the modification of automated 
experiments to bring task performance within the capability of the EVA 
system may be found in Tables 3.3.2 through 3.3.10. Table 3.3.1 is provided 
for convenience to depict general requirements across the specific payloads 
reviewed. 

Each of the nine EVA mission scenarios developed will require support 
equipment in addition to Orbiter provided accomnodations. However, the 
majority of planned, unscheduled and contingency operations/tasks can be 
accomplished with a minimum of new equipment. Additional equipment 
identical/similar to that provided in the Orbiter EVA accommodations 
inventory will suffice for completing the majority of EVA payload tasks in 
the categories noted above. 

The potential planned payload tasks (i.e., replacing automated systems) will 
require hardware design alternatives to configure the payload for on-orbit 
EVA servicing. The scenarios depicting potential planned EVA operations, 
as the hardware is presently conceived, require certain operations that may 
be beyond the capabilities (or marginal) of the crewman and baseline EVA 
system. The "marginal" EVA operations capabilities result primarily from: 
(1) limited EV crewman access, (2) inherent interface design (i.e., limited 
man-machine interface) of automated hardware, (3) force-torque requirements, 
and (4) massive equipment handling. 
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TABLE 3.3.1: Payload EVA Task Support Requirements Sumnary 


EVA SYSTEM BASELINE EXPANSION AND SYSTEM PERFORMANCE IMPROVEMENT REQUIREMENTS 


SUPPORT REQUIREMENT 

RATIONALE 

QUANTITY 

REQUIRED 

REMARKS 

Portable EVA Handholds 

Provide crew stabilization at 
various unscheduled worksites and 
ingress aid for EVA portable 
foot restraints 

4 per 
flight 

Portable handholds with attach- 
ment capability to flat 
surfaces and structural shapes 

Magnetic Small Parts 
Retainer 

Provide temporary stowage of 
ferrous and nonferrous parts; 
assist capture of ferrous parts 

1 per 
flight 

Control loose parts removed 
during EVA operations (bolts, 
nuts, fasteners, spacers, etc.) 

Small Items Carryall 
Container 

Assist in EVA support equipment 
and tool transfer; temporary on- 
orbit stowage at EV worksite 

2 per 
flight 

Soft "bag" type container 

Portable Lights 

Used to illuminate EVA worksite 

2 per 
flight 

To be used by payload or 
Orbiter as required 

Utility Outlets 

Power supply for portable lights, 
power tools, etc. 

J 

6 per 
vehicle 

i 

1 

Permanent units on all Orbiter 
vehicles 
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The payload EVA task support requirements for each of the mission scenarios 
developed are provided in the following tables; 

ADVANCED TECHNOLOGY LABORATORY 

K Interferometer Boom Release and Development -- Table 3.3.2 
(unscheduled EVA) 

2. Deploy ATL (Mission 11) Pallet Mounted Experiment Subsystems -- 
Table 3.3.3 (potential planned EVA) 

LOW COST MODULAR SPACECRAFT 

1. Deploy Payload Table 3.3.4 (unscheduled EVA) 

2. Recover Damaged LCMS — Table 3,3.5 (contingency EVA) 

3. Refurbish LCMS -- Table 3.3.6 (potential planned EVA) 

LARGE SPACE TELESCOPE 

•1. LST Scheduled Maintenance -- Table 3.3.7 (planned EVA) 

2. Retract Failed Solar Array Panel -- Table 3.3.8 (unscheduled EVA) 

SHUHLE INFRARED TELESCOPE FACILITY 

1. Configure SIRTF Hardware for Reentry -- Table 3.3,9 (contingency 
EVA) 

2. Payload On-orbit Setup (Manual) -- Table 3.3.10 (potential planned EVA). 
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TABLE 3,3.2: Payload EVA Task Support Requirements — AH Mission Scenario No. 1 
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TABLE 3.3.2; Payload EVA Task Support Requirements — ATL Mission Scenario No. 1 (Continued) 


MISSION scenario: Interferometer Boom Release and Deployment 


REQUIREMENTS RATIONALE 


EVA classification: "Je 


SUPPORT 


REQUIREMENTS 


EVA Tethers 


Wrench Set 


TASK j QUANTITY 

OR REQUIRED 

OPERATION Kper fit)/ / ' 





Equip, and crew 
restraint 


Remove launch lock 
and strut 




REMARKS 



5 piece combination 
open/box end set 
from 7/16" through 
3/4" 
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TABLE 3.3.3: Payload EVA Task Support Requi 


MISSION scenario; Deploy ATL (Mission 11} P 
Experiment Subsystems 

EVA CLASSIFICATIOr. 


SUPPORT 

REQUIREMENTS 


Unaided EVA Mode 

TASK 

OR 

OPERATION 


Boom Canister Deploy- Deploy Interferometer 

ment Drive Mechanism Boom Canisters 


Interferometer Boom 
Extension Drive 
Mechani sm 


Deploy Interferometer 
Booms 


SLR Antenna Tilt 
Launch Locks 


Release antenna tilt 
mechanism 


Antenna Deploy Launch Release antenna for 
Locks deployment 


Antenna Deployment 
Drive Mechanism 


Deploy antenna 


Environmental Effects 
Experiment (EEE) Boom 
Deployment Tool Inter- 
face 


Deploy EEE sample 
container 
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TABLF 3.3.3: Payload EVA Task Support Requirements — ATL Mission Scenario No. 2 (Continued) 


MISSION SCENARIO: (Mission 11) Pallet Mounted 

Experiment Subsystems 


REQUIREMENTS RATIONALE! 


EVA CLASSIFICATION: 


SUPPORT 


REQUIREMENTS 


Potential Planned EVA X X 

Unaided EVA Mode / 

” task I quantity ocmadi/c 

OPERATION (per flt)/^ T V V V V 


EEE Launch Lock 


Release boom 


UV Meter Cover Launch Release contamination 


Locks 


cover 


UV Meter Manual Vent I Vent contamination 


Valve 


container 


Autonomous Nav. Cover Release telescope 
Launch Locks contamination cover 


Auto. Nav, Manual Vent Vent contaimination 
Valve container 


Lidar Unit Cover 
Launch Locks 


Release contamination 
cover 


Lidar Unit Manual 
Vent Valve 


Vent contamination 
container 



I © I Manually actuated 


i launch lock 


Manually actuated 
launch locks 


Manual vent 


Manually actuated 
launch locks 


Manual vent 


Manually actuated 
launch locks 


@ I Manual vent 


MDC wool 4 


TABLE 3.3.4: Payload EVA Task Support Requirements — LCMS Mission Scenario No. 1 


MISSION SCENARIO: Deploy Payload 


REQUIREMENTS RATIONALE 


EVA CLASSIFICATION: Unscheduled EVA 



r SUPPORT 

1 REQUIREMENTS 

TASK 

OR 

OPERATION 

QUANT IT 
REQUIRE 
|(per fit) 



REMARKS 1 


Portable Lights 

Portable 1 ight place- 

2 ea. 


M 




Illuminate viorksite 



ment 









Portable Light 

Portable light attach- 

2 ea. 







Attach to retention 


Brackets and Fittings 

ment 








cradle structure 

CO 

Utility Outlets 

Power for lights 

6 ea. 

• 

• 

• 




Three each side of 

1 










payload bay 


Loop Pin Removal Tool 

Remove retention cra- 

1 ea. 






9 

Pin removal Is first 



dle latches 








task in latch remov- 











al operation 

0 

Q 

Pry Bar 

Ranove retention cra- 

1 ea. 






9 

24 in. pry bar 

t 


dle latches 










Portable EVA Work- 

All tasks requiring 

2 sets 





• 


Stabilization at 

0 

station 

force application 








worksite 

Q 

C 

n 

Manned Maneuvering 

All EVA operations out- 

2 ea. 





m 


Translation 

trh 

Unit 

side P/L bay 









jw 

EVA Tethers 

Equipment/ crew 

3 ea. 








T\* 


Lrestraint 
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TABLE 3.3.5: Payload EVA Task Support Requirements — LCMS Mission Scenario No. 2 


MISSION SCENARIO: Recover Damaged LCMS 


I EVA classification; Contingency EVA 
Unaided FVA Mode 

SUPPORT task 

requirements OPERATION 


REQUIREMENTS RATIONALE 


QUANT I TY DCMADi/c 

REQUIRED REMARKS 

(per fU)X /TV V 


5 r \ 


Come-along (winch- 
type device) 


Pull damaged solar 
array from RMS 


Candidate item for 
P/L bay door repair 
kit. 


Bolt Cutters 


Cut bolts, cables and 1 ea. 
structure to permit 
array jettisoning 


For contingency 
operations 


EVA Tethers 


Equipment/array 3 ea. 

handling and restraint 
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TABLE 3.3.6: Payload EVA Task Support Requi 


MISSION SCENARIO; Refurbish LCMS 
EVA CLASSIFICATION: 

EVA with RMS Node 

SUPPORT I tHk I QUANTITY 

OR REQUIRED 

REQUIREMENTS j OPERATION (per fU)y 

~=--j — -- _p 

Modified LCMS Posi- Dock and position LCMS 1 ea. 
tioning Platform for maintenance 

operations 

Power/Checkout Cable Supply power during 1 ea. 

maintenance checkout 
operations 


Special EVA Worksta- 
tion 


Provides access for 1 ea. 
module replacement and 
positioning platform 
orientation 


Equipment Tethers 


Module stabilization 
during transfer and 
pre-installation 
operations 


Module storage pallet Store replacement mod-| 

ules for on-orbit ser-| 

vicing return 

spent modules to earth 

Motor Unit Actuate module latches j 


1 ea. 


Motor Unit 


1 ea. 


— LCMS Mission Scenario No, 3 
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TABLE 3.3.7: Payload EVA Task Support Requirements — LST Mission Scenario No. 1 


MISSION SCENARIO: LST Scheduled Maintenance 


,, Planned EVA 



SUPPORT 

REQUIREMENTS 

TASK 

OR 

OPERATION 

QUANT IT 
REQUIRE 
(per fit) 

Y yM 




REMARKS 

V 

LST Stabilizing Strut 

Stabilize payload 
during maintenance 

1 ea. 




© 



Allov/s RMS disengage 
ment 

EVA Handrail 

Access stowage rack, 
restrain crewnen and 
portable lights 

4.6 m. 
{15 ft.) 







Part of equipment 
stowage rack 

Portable Light 
Assembly 

Illuminate payload 
exterior worksites 

2 ea. 







TBD watts each 

Utility Electrical 
Outlets 

Power for portable 
light assembly 

6 ea, 

9 






Three each side of 
Or biter payload bay 

Portable EVA Work- 
station 

All EVA tasks requiring 
force application, tool 
kit and auxiliary 
lighting 

1 set 







Crew restraint, hand 
tools and illumina- 
tion at worksite 

EVA Tethers 

Equipment and crew 
restraint 

8 ea. 







6 equipment, 2 crew 

Tool Kit/Hand Tools 

Spare equipment and 
SSE removal /i nstall . 

1 set 


, 





For use at stowage 
racks 
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TABLE 3.3,7: Payload EVA Task Support Requlremants — LST Mission Scenario No. 1 (continued) 

MISSION SCENARIO: LST Scheduled Maintenance 


EVA CLASSIFICATION: 


. Planned EVA 


Unaided EVA Mode 


SUPPORT 

REQUIREMENTS 


TASK 

OR 

OPERATION 


QUANTITY 
REQUIRED 
(per fit) 



REMARKS 


EVA Handrail 


Equipment Transfer 
Rod 


Workstation Attach- 
ment Interface 

Fixed Interior Lights 


Fixed Foot Restraints 


Fixed Handholds 


Monorail Transfer 


Access payload exter- 
ior worksites 

Transport equipment 
between stowage and 
worksite 

Deploy EVA workstation 


Illuminate payload 
Interior worksite 

Crewman restraint in 
payload aft compart- 
ment 

Ingress foot re- - 
straints and stabilize 
at worksite 

Transport SI modules 
between stowage and 
installation worksite 


23 m. 
(75 ft.) 

1 ea. 


4 ea. 


6 ea. 


2 sets 


2 ea. 


1 ea. 


0 


Longitudinal and 
circumferential 

Adjustable length 


Passive interface 
for workstation 

TBD watts each 


2 pair per SI modulej 
mounted on aft bulk-! 
head 

Stabilization at 
worksite 


Self-aligning inter- 
connecting track 
sections with two 
transfer carriages 
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TABLE 3.3,8: Payload EVA Task Support Requirements — 1ST Mission Scenario No. 2 


MISSION scenario; Retract Failed Solar Array Panel 


EVA classification; 

EVA With MMU Mode 


SUPPORT 
REQUIREMENTS 

Crewman Portable 
Light (Battery 
Powered) 

EVA Handrail 


EVA Tethers 


Portable EVA Work- 
station 


Small Item Carry-all 
Container 


Magnetic Parts 
Retainer 


TASK 
OR 

OPERATION 
Illuminate worksite 


Access payload exte- 
rior worksite 

Equipment/ crew 
restraint 

EVA tasks requiring 
force application, tool 
kit and auxiliary 
lighting 

Temporary stowage and 
transport of loose 
hardware 

Retain fasteners, 
small parts, etc. 


QUANTITY 
REQUIRED 
(per fit). 


2 ea. 

10 m. 
(33 ft.) 

5 ea. 

1 set 


1 ea. 


1 ea. 





Longitudinal and 
circumferential 

3 equipment, 2 crew 


Crewman restraint, 
hand tools and il- 
lumination at work- 
site 


Retain small hard- 
mre items during 
handling 
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TABLE 3.3.9: Payload EVA Task Support Requirements -- SIRTF Mission Scenario No. 1 


MISSION SCENARIO: Configure SIRTF Hardware for Reentry 


EVA CLASSIFICATION: 

Contingency EVA 
Unaided EVA Mode 

SUPPORT 

TASK 


OR 

REQUIREMENTS 

OPERATION 

1 




NOTE: ALL EQUIPMENT REQUIRED FOR THE SIRTF MISSION SCENARIO IS ASSUMED TO BE AVAILABLE IN ORBITER 
TOOL STOWAGE. 


5-pc. combination 
open/box end set 
from 7/16" through 
3/4" 


Crew restraint at 
worksite 

Standard Orbiter 
tools 

16 in. pry bar 


Wrench Set 

Secure telescope, 
front launch locks 

1 set 

EVA Equipment Tethers 

I Equip. /crew restraint 

6 ea. 

Foot Restraints 

All tasks requiring 
force application 

1 set 

Ratchet (3/8" drive) 
and Extension 

Gimbal release 

1 set 

Pry Bar 

Engage intermediate 
launch lock 

1 ea. 
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TABLE 3.3.10: Payload EVA Task Support Requirements — SIRTF Mission Scenario No. 2 


MISSION scenario: SIRTF Payload On-Orbit Setup (Manual) 


EVA CLASSIFICATION; 


Potential Planned EVA 
Unaided EVA Mode 


SUPPORT 

REQUIREMENTS 


TASK 

OR 

OPERATION 


QUANTITY 
REQUIRED 
(per fit) 



REMARKS 


CiJ 


NOTE: THIS SIRTF EVA MISSION IS ASSUMED TO BE DESIGNED TO ALLOW PAYLOAD SETUP USING ONLY STANDARD 

TOOLS AND EQUIPMENT SELECTED FROM THE ORBITER MASTER TOOL LIST. 


Manual Thermal 
Isolator Actuation 
Mechanisms 

Retract thermal 
isolators 

TBD 






• 

Replaces automated 
units and support 
subsyst^s 

Manual IPS Caging 
Mechanisin{s) 

Uncage gyros 

TBD 






• 


Manual Mirror Caging 
Mechanisms 

Uncage mirror 

2 ea. 




m 




Manual IPS Launch 
Locks (Intermediate) 

Release intermediate 
Instrument Pointing 
System launch locks 

2 ea. 




% 


% 


EMU Contamination 
Collectors 

Collects HpO vapor 
from EV life support 
system sublimator 

2 ea. 


i 


] 


# 

i 

Requires feasibility 
study 

Manual Contamination 
Cover Release 
Mechanism 

Release contamination 
cover 

TBD 




1 

• 1 

1 

! 


m I 

Replaces automated 
units and support 1 
subsystems 1 
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4.1 INTRODUCTION 

Prior to egressing the spacecraft cabin to perform extravehicular activities, 
two operations are mandatory for crew survival in the reduced-pressure, 
"weightless" environment: (1) donning a protective spacesuit assembly and 

life support system, and (2) prebreathing pure oxygen for entering the 
reduced pressure environment. The time required for the crewmen to prepare 
the Orbiter subsystems and EVA support equipment, and the prebreathing 
requirement, are of concern to both the Orbiter and payloads. In 
considering EVA for payload operations {from an economic standpoint), the 
payload community is primarily concerned with a possible reduction in 
on-orbit time available to conduct the scientific experiments. Both the 
payloads and Orbiter are concerned with the capability for a rapid EVA 
response in the event of an on-orbit contingency situation. 


In considering EVA for planned payload operations, it should initially be 
noted that the EVA preparation time does not constitute a block of time 
specifically set aside after on-orbit payload operational attitude is attained. 
EVA preparation functions can be performed in parallel with Orbiter and other 
payload preparation requirements. The following subsections provide a 
nominal time for EVA preparation and post-EVA activities based on EVA 
systems information available in early 1976, including preliminary times 
for rapid EVA response to planned payload requirements. 


4.2 EVA PREBREATHE 


The prevention of dysbarism (decompression sickness/bends) from occurring 
in spaceflight is of major significance in Shuttle EVA missions. When the 
EVA crewmembers are to be subjected to a 206 mmHg (4.0 psia) pure oxygen (Og) 
pressure environment from the 760 iimHg (14.7 psia) mixed gas Shuttle cabin 
atmosphere, 3.5 hours of oxygen prebreathing are required. The prebreathing 
can be interrupted prior to the final one hour if equal interruption time is 
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added to the total prebreathe time. However, to Iterate, the final one 
hour of prebreathing prior to entering the 206 nniHg (4.0 psia) pure O 2 
spacesuit environment cannot be interrupted. 

To accomplish prebreathing (denitrogenization) the EVA crewman will use a 
portable oxygen system (POS) with a quasi-"walk-around" capability. The 
portable oxygen system will use an umbilical systan connected to the Orbiter 
Environmental Control System (ECS) as the primary operational mode. The 
POS will also contain an internal oxygen supply to provide a ten-minute 
independent "wal k-around" capability. The walk-around capability, however, 
will normally be reserved for contingency situations. POS oxygen supply 
connections (i.e., quick disconnects) are provided at various locations 
in the Shuttle Orbiter cabin. 

The final 1.5 hours (approximately) of the prebreathe phase only will be 
allocated to preparing the Orbiter subsystems and EVA support equipment 
(e.g., spacesuit, life support systems, airlock) for EV operations. 

However, the time prior to EVA prep will be available for performing payload 
functions. Both the prebreathe and EVA preparation functions, including 
spacesuit donning, can be performed solely by the EVA crewmen. No assistance 
from other crewmen is required with the exception of communications system 
operation verification. 

4.3 EVA PREPARATION OPERATIONS 

The time required for the EV crew to prepare the spacecraft and EVA support 
equipment for external activities has been estimated although the EV hard- 
ware and Orbiter interfaces have not been finalized (early 1976). Table 
4.3.1 provides a summarized set of pre- and post-EVA operations and timelines 
for a nominal EVA mission including prebreathing. The table is not intended 
to provide a detailed explanation of each EVA required operation. Instead, 
a block of time is allocated to specific areas and/or generic operations. 

After the POS is unstowed and donned for prebreathing, the EV crewmanbers 
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TABLE 4.3.1: Nominal EVA Preparation and Post-EVA Time Requirements 


I EVA FUNCTION 

PRE- 

BREATHE 

CREW TIME 
(min.) 

REMARKS/EXPLANATION | 

^ . -i 


1 START PREBREATHE 

1 


5 

Prebreathing equipment (rebreather, 0^ umbilical, and 
mask) is unstowed, connected and operationally 
checked. 

CONTINUE PREBREATHE 

115 

Crevjman starts prebreathing and continues for up to 
3.5 hours. During the 2-hour period prior to EVA 
preparation, the crewman may perform non-EVA related 
activities. 


CABIN PREPARATION 



10 

Airlock and lower deck area are configured for life 
support equipment and suit donning. Donning aids, 
such as restraint devices and temporary stov/age ccm- 
partments, are unstowed and positioned, as required. 

EQUIPMENT 

PREPARATION 

■■ ' ■ 

15 

Equipment required for EVA (i.e., suits, life support 
equipment, tethers, etc.) are unstowed and positioned 
for donning. Preliminary checkout of the equipment 
will be performed, as required. 
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AIRLOCK DEPRESS 


6 


ion and Past-EVA Time Requirements (continued) 


REMARKS/EXPLANATION 


Inflight suits are doffed and stowed. EVA and ancil- 
lary equipment (i.e., crewman's waste management 
system and liquid cooling garment) are donned. 
Spacesuit and Itfe support systems are donned. Crew- 
man connects to the airlock water cooling umbilicals. 


O2 purge of EMU is performed. Crewman doffs re- 
breather and dons comm carrier, helmet and gloves. 


Comm check between the PLSS and the Orbiter comm 
system is made. PLSS telemetry is checked. Backup 
PLSS comm modes are also checked. 


An integrity check of the EMU's is performed prior to 
completion of airlock depress. This is a gross check 
of the EMU to verify that all connections are made 
and that leakage is acceptable. 


Airlock depress will be performed by the EVA crewman. 
Depress will be interrupted at least once to verify 
EMU and airlock integrity. 





TABLE 4.3 J: Nominal EVA Preparation and Post-EVA Time Requirements (continued) 


EVA FUNCTION 


PRE- I CREW TIME 
BREATHE 


REMARKS/EXPLANATION 


HATCH OPENING 


After opening and securing outer airlock hatch, the 
crew will initiate start-up of PLSS cooling. After 
cooling has been established, crew will begin the EVA, 


PREPARATION TOTAL 


3.5 215 

HOURS 


EVA prebreathing and preparation 


EVA MISSION OPERATIONS TIME 
ESTIMATE 


Up to 6 hours of EVA 


EVA FUNCTION 


CREW TIME 
(min. ) 


REMARKS/EXPLANATION 


HATCH CLOSING 


After completion of EVA, crewman ingresses the air- 
lockj PLSS cooling is shut down and outer airlock 
hatch closed. 
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TABLE 4.3.1: Nominal EVA Preparation and Post-EVA Time Requirements (continued) 


EVA FUNCTION 

CREW TIME 
(min.) 

REMARKS/EXPLANATION 

AIRLOCK REPRESS 

5 

Crewman represses airlock and verifies airlock 
integrity. 

HELMET AND GLOVE DOFFING 

10 

After suit pressure is equalized with ambient, crewman 
doffs and stows helmet and gloves and connects to the 
Or biter v/ater cooling system. The PuSS is deactivates 

SUIT DOFFING 

20 

PLSS and suit are doffed and secured. Crewman also 
doffs ancillary suit equipment and dons flight suit. 
Suits and ancillary equipment are stowed unless suit 
drying is required. 

PLSS RECHARGE 

20 

PLSS consumables are replaced. PLSS is prepared and 
secured for next EVA. Loose equipment, such as 
tethers and cameras, is stowed. 

SUIT DRYING 

20 

Suit drying is initiated, if required. If not, suits 
and ancillary equipment are stowed, and the lower 
deck/airlock are returned to pre-EVA configuration. 

POST- EVA TOTAL 

80 


NOTE: Timeline and sequences outlined are typical of those required for Shuttle EVA preparation 

and post-EVA activities. They are subject to change as equipment required to support EVA is 
better defined and procedures av-i optimized. 
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will have approximately 2.0 hours prior to EVA equipment preparation and 
donning for performing payload associated tasks. The crewmen can perform 
tasks on the Orbiter flight deck and mid-deck within reach of the P05 
umbilical. Tasks in these areas can be performed on a continuous basis 
throughout the 2.0 hour period. The EV crewmen may (pending further study 
relative to baseline POS utilization) use the POS internal Og supply (tank) 
for tasks remote from the ECS oxygen supply. The internal tanks can be 
recharged on-orbit. Each remote task cannot exceed an estimated 10 minutes 
before the crewman is required to return to the Orbiter ECS oxygen supply. 
Since the POS is a chest-mounted unit with a facemask, the crewman is not 
significantly encumbered during task performance. 


The remaining 1.5 hours of the required prebreathe phase will be dedicated 
primarily to configuring the Orbiter subsystems and EVA support systems for 
external operations and donning/checkout of EVA equipment. However, payload 
systems or operations requiring periodic monitoring/actuation from internal 
control panels can be perfonmed by the EV crewmen prior to spacesuit ingress. 
The ,EV crewnan should remain on the POS prebreathe system during the total 
3.5 hours, independent of task performance, to avoid "makeup" prebreathing. 
Tradeoff studies should be performed for each planned EVA mission for 
optimum support of payload requirements during the prebreathe and EVA 
preparation phase. Various procedural options will be available. 


4.4 POST-EVA OPERATIONS 

Following airlock ingress and repressurization, the EV crewmen initiate 
spacesuit and life support system doffing and configure the EVA equipment 
for stowage or subsequent operation (Ref. Table 4.3.1). The post-EVA 
operations require approximately 80 minutes from airlock hatch closing to 
completion under nominal EVA termination. However, when two-man EVA's 
are conducted, one EVA crewman can doff the EVA gear and be available for 
payload internal support within approximately 30 minutes if required. 

The second EV crewman would continue the equipment doffing, servicing and 
stowage until complete. The EVA support equipment (i.e., spacesuit and 
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life support systans) must be readily prepared for subsequent EVA's in the 
event of a contingency requirement. Ancillary, loose support equipment 
(e.g., cameras, tethers) may be temporarily stowed and secured later if 
payload support requirements are immediate. 

Several procedural options for post-EV operations will be available. 
Procedures specifically applicable to the individual payloads are developed 
and crewmembers cross-trained in EV* and payload operations. 

4.5 EVA RAPID RESPONSE CAPABILITY 

The Capability to respond to Orbiter and payload requirements as quickly 
as possible from launch can be critical to personnel rescue from a 
disabled space vehicle. A rapid EVA response capability after orbit is 
attained may enhance payload operations and scientific/defense data 
acquisition. The capability to perform a second EVA with rapid on-orbit 
response time could also be advantageous to the payload community. 

Although the Orbiter and EVA supporting subsystems were not sufficientli 
finalized at report preparation to formulate detailed rapid EVA response 
procedures and timelines, such procedures will be developed by NASA for 
EVA rescue operations. For payloads requiring immediate crewman access 
after reaching orbit, portions of the rapid EVA rescue procedures could be 
adapted to payload operations. The following subsections present possible 
options to effect prompt EVA response to payload requirements only. Many 
of the possible options will require further study by NASA when the Orbiter 
subsystems and EVA support equipnent designs are complete and final 
performance capability data are available. It should be noted that the 
rapid EVA response techniques/operations are conceptual only and are not 
baseline Shuttle or payload procedures— the intent is to illustrate that 
rapid EVA response to payload requirements can be incorporated into the 
Shuttle Program. 
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4.5.1 Rapid Response to Planned EVA Payload OpeV^atldns 

Payloads uttltztng the Shuttle EVA capability may require manned access to 
the payload immediately upon reaching orbit to fully capitalize on scientific 
data acquisition. Since 3.0 to 3.5 hours of crewmember prebreathing are 
mandatory for denitrogenization, prebreathing prior to reaching orbit may 
be advantageous. The Space Shuttle requires only approjcimately 40 minutes 
to reach a nominal 270 km. (150 Nm.) orbit. Depending on electrical power 
and initial checkout requirements* the payloads may immediately be opera- 
tional or require in excess of 12 hours preparation after reaching orbit. 

A rapid EVA response to the immediately-operational payloads may require 
prebreathing prior to launch. 

Prebreathing options that may be considered by the payload community to 
satisfy rapid EVA response requirements include: 

• Mission Specialist(s) initiate prebreathe prior to vehicle launch 
and continue uninterrupted until EVA 

. t Pilot and Mission Special ist(s) initiate prebreathing prior to 
reaching final orbit (i.e., prior to QMS burn). 


Provisions for the above are not presently Shuttle baselined and will 
require study. Additional support hardware required to effect the 
prebreathing capability concepts may be payload chargeable in mission kit 
form. 


Assuming the crew prebreathing requirements can be satisfied, further time 
reduction may be realized in the preparation, checkout and donning of EVA 
support hardware. In nominal EVA operations, approximately 90 minutes are 
allowed for EVA preparation. The following may be Shuttle baseline options 
or operationally feasible if increased crew safety risks are acceptable to 
the payload: 

e Launch the EVA hardware (EMU) with all systems fully charged 


• Perform all EVA systems operational checkouts prior to launch-- 
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repeat only crew safety crtttcal checkouts on orbit 

t Use addttfonal crewmembers (other than EVA) to assist EVA 
preparation. 

Depending on the number of crewmembers aboard and Orbiter operational 
requirements, it appears feasible to provide an EVA capability within 30-40 
minutes after vehicle attitude stabilization on orbit. 


4.5.2 Rapid Response to Subsequent EVA 

The nominal time required to prepare the extravehicular equipment for a second 
EVA can be up to 16 hours. The 16-hour turn-around time is based on the 
requirement to recharge the primary life support system (PLSS) batteries. 

If spare batteries are aboard, the time is based on the 3.5 hour mandatory 
prebreathe requirement. If the EV crewman, after returning from an EVA 
mission, breathes the Orbiter cabin mixed gas atmosphere for less than 2.5 
hours, only the time the cabin atmosphere was breathed plus one hour will be 
required for prebreathe; for example, if the crewman returns from an EVA 
mission, breathes the cabin atmosphere for 45 minutes, the required pre- 
breathe time is 1 hour 45 minutes since the final one hour of prebreathe 
cannot be interrupted (Shuttle baseline). 

If back-to-back subsequent EVA's are planned, the EVA equipment changeout 
operations can be accomplished in as little as 30 minutes depending on the 
quantity of spare EVA equipment available. If spare PLSS and upper space- 
suit torso assemblies are aboard, the time required is based on airlock 
repressurization, upper torso doffing/donning and airlock depressurization. 

To avoid prebreathing, the EV crewman would utilize the portable oxygen 
system (POS) during upper torso assembly exchange. The operation should 
require approximately 30 minutes. 


The primary life support system is designed to be recharged for on-orbit 
reuse by one man within one hour. If only spare batteries are aboard the 
Orbiter, the subsequent EVA preparation time would be one hour plus airlock 
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pressurization operations. Approximately 1 hour 20 minutes total turn- 
around time would be required for the "PLSS recharge" subsequent EVA 
mode. 

4.6 AIRLOCK EQUIPMENT TRANSFER CAPACITY 

A capability of importance to the payload community is the transfer of 
experiment and payload maintenance equipment through the Shuttle airlock. 

The airlock, independent of the cabin interior or payload bay location, 
will provide the capability to transport packages with maximum dimensions 
of 46 cm. X 46 cm. x 127 cm. (18 in. x 18 in. x 50 in.) from the cabin 
into the payload bay. The number of maximum dimension packages with both 
one and two spacesuited crewmembers in the airlock that can be transferred 
is being studied by NASA. The maximum quantity under the above conditions 
was not available at report preparation. However, the information should be 
available for payload design use by late 1976. 
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